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Tifl€304<!:L> 37 X T 30# liflft 3 r S . 
^ftfcfll. Met (123) -Ala (151) £ 3 — K f ^ D N 

Atactic 

5 ' JfcKBa.H I tfSte* <> 3' ifcttffiC 
Hpa D (flsp I ) t2SttK?!l£ (> *> . *©-*$©# 
3&<t hjfllVl»Tn,y S y ©Met(123)-Ala<151) 
£ K 3 - K * S £ fc? & * © ffl S6 * #T © <fc 9 C 
ft~,tz. 



»fin¥ 2-227073 (7) 

fiffl$ft$3 K V (preferential codons) £ "C & 

* £ l* # < * J: * K« * f IT -f v L fc . C: ft * 

fc#£UTfc>> (/ci^tfs Ikeaura.T.J.Nel. 
Biol. 151 .389-409(1981) :Couy.H.i Gautier.C. 
Nucleic Acids Res .lfi. 7055-7074 (1982) ) . 18 tR 
5t& * C I? « r £ C t 3&< K§ » $ ft * . aiHCff 

a y $ n/cE?^^r. 

* U * * K : 

5 ' -GATCCATGTGCACCCCTTTCCACGACAACCAACAAACC 
TTCC- 3 ' 

5 ' — AGGTATTTTTTCAGGAAGGTTTCTTCGTTGTCGTGGAA 
AGCCGTGCACATG- 3 ' 

5 ' — TGAAAA AATACCTGTACG AAATCGCTCGTCGTCACCCG 
TACTTCT ACGCTCCGG - 3 ' 

5 ' — CGAAGAACACCAGTTCCGGACCGTAGAAGTACGGGTCA 
CCACCACCCATTTCGTAC- 3 ' 

£Caruthers h ( Ma t teucci , H. D. & t/Caru thers , 

M. H. Tetrahedron Letters 21,719(1980)) C«t ^1 

M£$ftfc***7 5 ^4 Hl^lSffll/cSUl^ 

J&a(Applied Biosyste.s qE^';u380B) gffit*? 



^fiicU^. ^/5$n/:DNAH (tfj30p«oles) 50 
• M Tris-HC* ( P H7. 6 ) . 1 0»rt tigC £ » , 5 ■« >* * 

x 7 w r - ^itf 0. 2 »n atp* £ h igft (50 

#ftTT37ic. 6o^p B i^g-r * C t c 

V ^»{Un/;77^> * h 4 *g-tf 100X 
©*i8*c 5 # [BUSS LooTSiS-?te?&U7 
~ - 'J y ^£fT /c • 2 ©T4 DNA -b" (800 

^rSii) *Uo*. T 16t T-RfiS l> 7 7 ^ 
> y r ra1*ilteLT-^«7 7 ^> y ¥ t L tc. 
^CC0Z*fi77^>^h* Hpa G (Map 1 ) ? 
ttff LT96b P ©7 7 ^> V h 

% fiE « 2, t HlHl7 ^r-l V WifrWet(123)-Pro 
(303) * 3 - Kf * D N AffifrCttM 
(5* 2 EQ) 

IE t r flu 7 ;u 7* $ y © 7 $/3fcJ«8!£3- 
KT4fi!Sa*$cfc* $ £> C 304S § © * <J y £ 3 
- K T « 3 K y *< M K H ih 3 K y C SE -ft L T ^ « 
ffi?(l£ * «tll t h cDNA ^ □ — y (H SA - 1 A) (£ 



%« 1 : m 6 12) *EcoR 1 CfcOSJBiLTfc Hfr 

y»7 ^7" $ ycONAin^* as cft^r^* 

$ KpUC 19©EcoR Ig5{itC»ALT7*77 k $K 
pUC-HSA- I £ ft S3 L/C, 

pUC-HSA- I *"P«t I T«J»S &e>c 5 ' 9S0 

TtoSlTi^l/cft, Hpa D (Map I ) TVJWrL 
X 750bp© 77^>yr£9)')aSL/c. CO 750 
bp®77^> yh*H^WltC*?^"C^^L/c96 
bp© 7 7 ^ > y Y t'li DHA "i # — *• T Hpa D («sp 
I) ©W***H±©«A*Mffl LTtS^ Lfctt. 
pUC ISOBa.H I t Pst I 0H»ft»<D*Sl^ 
0 7 7 ^> y h tT4 DNA »J cfc *} % IS b 

pSAL K£ftA:, 

*»wa. at^a^iaffir^ s k pat - tro- 

phoA-SAl D ©^83 ( m 3 Bl ) 
PSALD £Ba.H I "Cfc! Li KB l3fe«l*MB 
DNA#'jy5-flTj|i|l;, Vi^ffiH/; 

Hind IB T ^EIIR LHSA cDNA*#f 750bp©7 7 
^> y h -^pUC 19/7^ 5 KCT*II 
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m 7 & * V * 7 r * - (phoA) © > ? + Jl"< 

ii-T 7 * 5 KpUC-phoA 2 ) \ Hpa D (Hs P 

I) T^KSU. A»5fflDNA^';>7--fe:IT¥ 

rR*5g£ Lfc#EcoR I TtJJWr 'J-^-KM*. 

£fc69b P ©7 7 ^> y F ZtoVvf/V 
Y t pS AL D E&3fe©IE& t I- A ?ft 7 » 7 3 ^cDNAO 
750bp© 7 7 <T t V Y £ T4 DNA U 

-fe'T&ttl* £*CpUC 19©EcoRJ £HindID©X 

'J - ^'-K^fl ^HSA cDNAgfitf A<0 « r> /cpUC- 
phoA-SAL D 7* =? * X K £ t§ fc. CO^^LTi 
IS* ft fcphoA > ? + Jl>"<7' * V £ 3 — K 1" * V - 
*'^£?d £ KSA cONA©-eu<i: ©Rile li* ? U'* 
KK^iJGGATCC^T * -£?5 i t T£ U . 2 {E 
CD7 WKCly-Ser £ Z2 — K T -5 /c CC H f£ C Z 

> ^ 7" A*-"* 7*f K -Gly-Ser-Metl23~*pro303<!: 



WIH^ 2-227079 (8) 

$ V A ^ K ©&*BC ffi ^ /CP AT - trp-phoA-HSA-A* 
(*%W3&CM ; IB 66 6 3 - 0 3 7 4 5 3) £14 JUL 
fc. PAT- trp-phoA-HSA-AfcEcoR I tHindDT— S 
#HtL. phoA'j — — ffijlj — HSAcDNA 

t^©7 7 ^> V pUC-phoA-SAL n 

7*7^ K *EcoR I iHind ID iZ <fc *) X S $ ft L* T 
ft bti* 800bp© 7 v ? > V h £T4 ON A 'J — 
K <fc *) UpAT- trp-phoA-SAL II 7* 7 * $ 

PAT - trp-pboA-SAL D 7* 7 X S K^^JIIHBIOI 
CJ&K*E»ttK:*$ 3 A U^!B®HBlOl(pAT-trp- 
pboA-'SALn) 

d©*Efiffiti. X*tt«K»4*X»affi»R 

fifi K»X$J®3?3* 10308^<FERM P- 10308)iLT 

^ w 4. at^^a^^^m 

pAT-Trp-phoA-SAL II^SWfSAaifflCJ;*;*; 
II ® 7 >U # '114*^77 ^--b , (0i'/t;^r?- 

k 1 1 nm«T^-/5v»ifr©»*aafi*ft© 



pAT-Trp-phoA-SAL D £ ft *!H®HB101 & •£ 5 
«£ © . 7 y fc" •> V V £ 25« / «£ £ f & V 7 (LB) 
lg ife ( A * h Mjr^lX, Wli4^0.5%v 
-NaC£ 0. 5 %) CC » L v 37t 181#r B 11i <h 9 JSS 
U tc • C © # »ft 0. 2 «2 £ 7 ^ t' ^ '; > £ 25« / 
k&$V 5 nfi©M9-CAigi|b (Na»HP0, 0. 6%,KH«P04 
0. 3 % ,NaC£ 0. 5 NH 4 C£ 0. 1 %.CaC £ , 0.1 

■ n, Mgso- 2»n. *f syK0.B%) tctfffiC 
305^37t T*S!I bfca< et^«3HT* * 3 - B - 
4 y K-A'T* U < I A A) ^20«/«£i« 

UtJJDx/:.. $ £ 37 X X 5 - 7 ■# IS] {5 i 7 if 

£ It . . 
y>g^i5i^©«itfl 

±6fi©<fc 7 (C18« L/cig#ft* 7000rp. . 
ifi,OU JESU/c. ttBt L /cffi^* 20% x a H . 
25b« Tris-HC£ (pH7. 5 ) * 10»H EDTA . 1 «M 
PMSF ( ^ o ft 7 x - ^ > 5- ^ A * * - ^ ) C ^ i? 
iS $ -ti: v 9B 6 'J V * - £ 0. 2 ag / «fi JtlD A. /c. 37 



Ti5^WiEt5:it:J;*)s #li£*<?8ft£tt. 7* 

D^^l 1 {7^7Aor 7 7.|-) *><#£*lfc. 
C ©^ffi?®^ tK*U1^ 7fefilUfc(fc. lOOOOrpus 
lO^ifi'DU. a7*n7*5*»'*ttia**fc..C 
©A7xOT7^ ^20%->!»tSjR C25»« Tris- 
HC£ (pH7. 5 ) . 10»M EDTA ) 1Z H j? 25 $ * . tK 
j§ 41 -c U Y d ^ * * V * -i - ( ^ W 7 ^ <I : 
8)t:<tO«WL/c. 4 t tl^^T 5£fc7fc£ 15.000 
rp., 20^>S^L. ®*^S^^/C. C©®&8 
^^25»tt Tris-HCi (pH7. 5) C H iS $ * . 4 
X tC^^T??iBift^l5.000rp« . 20^ Jfi^b/c. 

SDS-*'J7^')n>7l K y ;b tt SI ifc f A 
1 ) H#.tESfiK©»tlf 

0. 5 «i^7000rp. . 5^ift^b. llffiL, 
/c. S(* £ 10 a/ © S D S - -9- ^ r ns&L (62.5-H 
Tris-HCi ( P H6. 8) . 2% SOS. 10%'>ol8v 

ioox5^^st/c, c n^^ay ^?satio%© 
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5 D S - # «J 7 0 'J ;i/7 5 K4r * Uae«li ©£ 

6 : Ka ture (London) 217_. 680(1970) ) C77'H 

2 ) *i8i±®#©#tfr 

$£££25»M Tris-HCje (pH7. 5 ) tCl5 J? 81 $ ■£ . 
-gfl^ifK S D S - V V r^iftT $&JR t fc. 
100-C 5 #&3T £ C <t K J; 0 . *r$ft£GS£ 

3 ) &fe&tf]ftfe 

y h - -f fr~Q.2S%, x^y-;u45%. ft 8102O 

c3oara~ i una a ssfei,*:. ss&snfcy 

I, Jfcfe&E ( A ^ * 5 v KttMs * r ^ 55633) 
o^g-^roy f £ ft . ft 3? £ 5 

U - h -f rt> ^ — (Bio-rad, 

Trans-blot© ) . & Xf 7 y h ^ VttM 3M«tt« 



»Bn¥ 2-22707!) (9) 

( 2 tt) ^yov-T-^V^^ (0. 3% Tris . 

x ) '> V . 20 * V -flO CSUc, 7" 

V y *r 4 V <f m. T * t> A- V) & L fc 7. 3 - A 

v K_hKit«U ¥fr* y a frf - . iltt©liicffi 

*3 £ t> * „ * 3 y * '< y Y X it $ * . 7* o v "7" A 
y (TEFCOttSSl. Model :TC- 808) C -fe v U 

fc. y' a v r -< v *> tz 200.A. 11*18 

H&fttt* It fc. 

frthKJ'ik. ? a y /t^S? ttjb<L. 

TBSft (25»M Tris-HCf (pH 7. 5 ) . 0. 5 M 
NaC£ ) T10#*&rl L 3%t*H VAO© 
TBS7ft?30^Mlt/ci*. 7*;u*-£ 0.025 
%T«een-2O0 A T B S ft ( TTBSifc <t T) 

Ja t h 7 iuy 5 y - $ <r 4'ltart © I g G ®# ( * 
v ^ttS) £ 1 7 f- * A *) ©TTBSftT2000 

18l*RilteaLfc. fcKs 7 * -£TTBSft*C 
1^15^*111^:. C©i£tt£$£K:2[slfT^*:. 
fit* *4- # 1 g G - * 4' - Si* 7 * fc" ■ -oi.** •> 



^-^sam^(Bio-radasa) ^ u^^^t 

©TTBS?ft-C3000teK S6)RLfciflE + K:7-ciU^- 

2 ma&si,*:. m&®&< vai\<$- 

£TTBS«T2lsK TBSiSCCli, *l5^ 
folk r> tz. 0.015%H,0,. 0.05XHR P*7-f 
-* o v 7V y h • V — ■>* * V h (Bio-radtt) . 
1€.7%> ^y-;^^©TB w^^-^ 

15#£J£<**/c. 7 /b^ 

"5 it 30» tt IR L • fa t h • 7 ;w 7 P ^ * tft * i 35 
Witt. ttv^Kfec^feLfc- (» 4 

t'77X$ K pUC - pliofl- »HSA CO S3 

(S 9 H) 

^1 B6 S 7 ^ ^ 'J tl * 7. 7 7 * - -tr *> # + fr * r 
*- -K i * » t hlfllYft7^7'5 yACDHt^^y^'^ 
S * 3 - K f * D N A EJ«I * ^ C © % W 3 C » tt 



CDpUC-phbA-HSA-A^ EcoR 1 £ lisp 1 T — ffi ffHfc U * 
7^* 'J tt*^7'r>-t'0 , >^ r t^ / <7f- K © 

7 5 ; ^Jlo> ^-^-^^3 Ky©i£fJ*^^clfit 

h flirt 7 ;U7' S y A CD 152^CD 7" o U V O 3 K ^ 
tt©$l« (^500bp>^W} IB U/c, -^fJWfr 

«7^y5 y A 0 303tt 0 ro'jyiT^-F 
t * 304 O-fe'J x©3 K y ( T C A ) *^ 
A-/U3 (TCA) CBIftJKfcDNASM 

5 KpUC-HSA- I ' i Hsp I t 
XbalTrm^ftL, 153{i0^;Ui? $ V&frh 
.356<it© h U it - y t T 0*S8£ 3 - KT * (U 
304^0* A*^;U3 KyCBIKtt«4lhtiO 
« 3 0 3 {i © 7" o 'J yfCOfli«€3 - K 
t^) 610bp© D N A Wifr Zfttz. :tlf)20 
©D N ABfi^^ 7 7 ^ 5 K *<9 9 -pUCl8 4 
EcoR I £ Xba 1 i TlS^ltlT|!|fc^^^O 
(^2660b P ) t illS $ -tt * C <t C J; *) . 

ts 7 * 'jn*x77 ^-froi/^t/^r?- K 

£ t h fiavfi 7 n>7* 5 y A ©Aspl-Pro303 0 pI 
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-r-SDNAKJU^^L'IBjft^r^^ $ KpUC-phoA 
-■HSA 

3? KM 6. * *B S 7 iu * ') ft * x 7 t * - •> 

+ n>*<7* K £ $ J- H S A ^ <pflt*» 
*gphoA-»HSA »fea-TSfcttfl) 
KpAT-trp-phoA-«HSfl 

offig cm 9 w) 

1 82 7" 7 A ^ KpUC-phoA-.HSA £EcoR I £Hlnd 
ID T " S $ ft L . *!iB7/u*ytt*X7r*- 
■f'>^t;^'r^ K <t 5 ~ H S A i © jgt £ * y 
*S*3-K *"*DNAfiy!|£gj9ihL* C *l * . 
% &6 ® 7 * V £ * * 7 7 ^--b* ^^t;p^rt 
KiJtJ&t h J&l Yfl 7 ;i/ 7' 5 y A © It £ ^ y A 2 K 
©3Si§Kffll*/.:Ul&;l7*7* 5 K p A T - trp-phoA- 
HSA-A ^&EcoRI £ Hind ID £ © ~ ffi ffi ft C J; 
OaiLfc*H»*0DNABIfr4I«|Ufc. IB ft 
i 7* 7 * 5 KpAT-trp-phoA-HSA-A«^:|BH Y *) 7 
r 7r ^7*o*-*--0TftC#£*r£ EcoR l £ 

a e» a.© t a c * » a 7 * y ii * * 7 * * - * 



JI&W2-22707H (10) 

* ^ T * K £ & fc ; Hm«7;t,7*5^ACD 

* y^Jia - K 3" £ DN AEJJRcf -t£0 
3' fl$MKK?Q*<ttiE © fi&CHind ID Ktft 

EcoR 1 <tHindE*fflC^c-ffi^{bt3<fc0^t»n/c 
U1j<D D N AW^ Steffi 7 /i,* ij ft* 7 

7 $ i/ <f <f )\>+<-r * K £ # in t n&ir»7/U7' 
$ y A ©»£* y/<£ 3 - rr^DN AK£iJ 
£ * t # <t « >k *Sflffi7;u*yi4*;*77* 
-f/^r^^rf ri $^hs Ai©a^^ y 

^3*3- KT* D N AKJfl^^CEcoR I - 
llindIDtf*<tjI$3t*C:£:K<*;0* ^JBS I- 'J 7* 
F 7 7 V7*a*-^-8I8JTKj$ili£iP yA;?B 

felia^r* * $ Kpat- 

trp-phoA-.HSA gfftftTd tc . 

pAT- trp- phoA -bHSA 7^5 K £ JS ffi HB 1 01 
CJ^fi IcftitC^ *5 35 A *«SHB101(pAT- 
trp-phoA-.HSA) £ ftfc. Z © * f& B « & X ft ® « 
3& 10952 ^(FERM P- 1 0952) £ L X X jR £ fTx K 



tiHW7. )SttHSA ^-rtiDNA»^t: 
fcfltft^T?*^ KpUC-tHSAg>^S3 

fill IS l§ ft * 7* y * 5 K pSAL D t h Jfilvfl 7 

^7*5 V A ©Met 1 23^ £ Pro303 £ T$ 3 - K T £ 
* DN AKy!l^t^Ti?♦)^ BasH ] i Map I «fc © 
-StSft^-t 0 Hetl23-Alal51 *3 - Kt*DN 
Affifr (J*j90bp) £Ztlfri>>y}*)&Ltz m 
±62 7" 7 X S K pUC-phoA-HSA-A£ Hsp I £ Hind ID 
tTIIilhlTs Prol523^ t> fifc ?A t h jfe ft 7 JX> 
7' 5 > A © i> )l>$ * > J« T $> 5 Leu585£ 3 - 

rM,*&C*©3' <M#8l!RK?«££Cftl350bp 
©&&*££*:. C ftt> 2 "7© Bfitf-£pUC18 £Ba«H 

I iHindlD tt -mmit LTt5 fcft2660bp© D N 
AUi)t' t 3t5 L% Metl23-Leu585(SSfi3 H S A ) $ 
3-Kl-*DNAK7 : !l*£t/*§lft*7*7*$ K 
pUC-tBSA^«l6 U/c. 



7-7*3 K P AT-trp.tHSA©^99 (mip 

ML. 

*fi*SH S A (HetI23-Leu585)^ iS4^1!Tti« < 

iit*£Si;***©K*i§ffih •;7'h77 yyp^t 

- * - £ ffl Wc r 7 * 5 K k ^ -pAT153^ £ 

*KUT^:Uffih'J7"h77y^-«D y^*© r 

d ^ -? -R^trpL© S DK^IJ ^ Ifl ^ A, » ^ 
ffl7*7X 3 Y 9 9 ~ pAT • trp * h V 7" h 7 7 
y * -< o y ©E?0©Tti6 $> « cu I KKiep 
to?gjR!rL. Ml$-e/:a^ *«BDNA*'J>. 
7 - -tr I TteSU*;? u^-t- Kffi^S^^J;*)* 
«&©-*t)ie»^^iItt/c # SphJTVJ»rL. 

*§i^oDNAKfr«»ii:, fi^^t k ira 

Vfl 7 ^7" S y A ©Hetl23-Pro303 (SAL D ) ^3- 

rr^DNAKJ^^taift^r^? kpsild 

^ Hetl23 3 K y ©itBncab^Ba.H I I22»65ttT W 
ffityca. ^KKDNA#'J > 7--f I 

tta&fc. i*:c. SphiT^JKHLs sal D £ 3 - k 
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f*DNAK?0*£O'h*^;£©DNA»i)i-£8 

tl. :<D2-3(0DNAKfr«aaL*uih';r 

t 7 7 y* *<° y&*KM®TfcK: $ALII£3- 
K*4 D N AKHA<K»* fifclllft*.^ * 5 K 
pAT-trp-SAL D £tt5S! U fc. C©pAT-trp- SAL D 
£ SALDDNA KWOTiSCttiri Sal I 
ttT«]«Lfc8K *IBaDNA#y>7-t'IT 
-*fS D N A $ £. Ba»H I C<t 0 

SALDDNA CDS' ;fc 8 © 6fl fit T 01 L . SALDDNA 
* « M • * L- . CHT»/;A^^ODN 
ABJi>T-£pUC-tHSA7'7 X $ K * Hind ID T SJBfi 
*IIBDNA*U9-eiT-*n8»tl!», 
Ba.B 1 TfflKLTfcfcSSttH S A*3- Kt« . 
DNAKM**fcDNA»i*£attLJIIBHSA 
^^ffilitftxr?^^ KpAT-trp-tHSA*!*® Lfc. 
pAT-trp-tHSA-r 7 7, $ K£*UBHB101 CJ&5t£ 
C J; *) $ A L^ABffiHBlOl (pAT-trp-tHSA) £ 
ft*. £ ©*UHttttlWH3f»10950 *<FERH 
P- 10950) £LTl£8ffiK&£ftl£&ffifl£l?i 



»ffl¥ 2-227070 (11) 

tftflxr?^^ KpAT*trp-phoA-tHSA 

*ttff7A'*>J11*a77 9 — + 
t K4 SALD ©»£* yA£«£fcIR*-<&fc«>© 
IB ft * 7 7 * $ KpAT- trp-pboA-SAL D * SAL D DNA 
£?!]©TftCfcfcT 5 SAL I ISftfiBttTttKLEfl 

SL/cft. ^r^^ifiiDNA*')>7-fn: 
feiiu * c 7 * * y n * 

nr^-f^ti^rt K*3-K**DN 
AK?U SALD43- K1-«DNAKMCDB8©X 
~--?-iI#K#?£t *Ba.B I & 88 fiBfc T W Kfi L > 
Mjrnr^^DVi^OD N AE?(OTi£ 

c 7 ;p * ytt**77*-Hri'^*n^7'*-K£ 

3-Kr*DNAKn^attLfc«ia**t;DN 

Affilt^fc. pAT-trp-tHSA^HlndE-CV) 
tfflfc* D N A * V > v I L-*fl§*S# 
*tt», $ £tCBa.H 1 T^JWr * £ <fcC«fc$)@8 



HSA*3-rr*DNAK«taojiLte, c 

ft h 2 -7© D N A0j>i-£i£te 7** 'J ft** 
77 * - -fc* > ^ * A"< 7*?- K <b *H $8 H SA *><Ba.H 
I i2S&K?!lCGATCCC <fc 0 3 - K $ ft SCly-Ser © 

K^&tt«X'*-*--ett3*ftfc]g© 

V/** fiphoA-tHSA 1" S Hfcx 7 5 

*S KpAT- trp-phoA- tHSA ^ IS ?6 t . pAT-trp- 
phoA - 1 H S A 7*7*5 K £ * II ffl HB 10 1 KJ&Btifc 
ffi^iDSlA L AIBSHBlOl(pAT-trp-phoA-tHSA) 

£ ©*Ififfil*S&XWffi3?3U0951 -f 
(FERM P- 1051) 
Gf2>?iC$ft$ftTH*. 

^fifcflio . 7;^'jn^X7r * - ■> ^ * ju ^ 
^^UHSAt fettM-MH S A 

pAT- trp-phoA-aHSA „ P AT- trp- tHSA X tt pAT- 

trp-pboA-tHSA $!5!ttUttii:J;U»S7 
* y 14 * a 7 7 * - ** © •> tMu ^ 7" Kit 
HBiifl7;P7 r 5yK^©«^»eKXttffi«at 



te ft 

P AT- Irp- phoA-.HSA % pAT- trp- tHSAjt \t pAT- 
trp-phoA-tHSA £ft-7*WBHB101 # 4 5 Jrf © . 
7 y * y y y *25«/**£*t;^ y 7 (LB) *& i& 
( a * r MirhflX, »fti*X0. 6 

KaC£ 0.5%) tc^m,. 37xi8Hr B nsi^ 

t4. C ©IfiftT&O. 2 ««£7 y t" i/ y y£25«/ 

5 «fi ©M9-CAi§tfe (Na s HP0« 0. 6%.KH,P0« 
0. 3 X.NaCt a 5 %* NH.C< 0. 1 %.CaC£ , 0. 1 
■ M, M«S0« 2»IU HUKa8J<) CfcttL. 
30#37T Tifit Lfcfc. * ft % X & * 3 - fi - 
4 y r'-*7 * >J *M-( I A A) £20«/«* 

7 JjDxfc, $ $>C37T T 5 - 7 7 *S 

ft * *T r> . 
*r$ttHft©ffia 

±SB©J;-3 Cie«LfciS««l*7000rp. . 5^ 
3^L. MS L/c. its L fca*£20% S/ » 
25»M Tris-HC£ (pH7. 5 ) . 10. EDTA . 1 >H 
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PMSF ( & o it 7 x vi/ > ;i/ * ;i/ * )V ) £ n # 
S&S*. 906 9 * 0. 2 «/*fao;Lfc. 37 

D p 7*7 * F (^7*D7*7XM 

C ©#2$?££*4>C& ftiflL/c&x lOOOOrp., 

loaa-frl,* * 7 * 07*7 * r£ttia<**fc. c 

0^7a.a7*7X r £20% •> * (25»H Tris- 
HC* (pH7. 5 ) . 10-H BOTA * ) £ M f? 2! 5 * * 

* * T * M Fo^^yt-ff - ( y 4 7 Ml : 
8) K<i>>fcfcL/c. 4 t C fcl*T 15,000 

$ £ 25.W Tris-HCi { P« 7. "5 ) C H $ 4 
T C *?<,>T#&ifc£l5,0O0rp. , '20#j&ifrUfc. 
C0ii'ft££'bK:<>7-®n-t^ $ *b ft tt IS £ 

1 ) a^effes o^ef 

0. 5 #i£7000rp» . 5 # ifi 4> L . H®L 
fc. ffi#*10*f 0 S D S - V V 7ji>& (62.5-ft 
Tris-HC£ (pH6. 8 ) . 2 % SDSv 10%*> a &" % 



«BrW 2-22707!) (12) 

5x2 - >^*Vn^-^) c t? as * 
loot 5 tfc, cft*#«yji'ifi&io%& 

5 D S - # V 7 £ 'J A>7 5 Ky/U (Lae..li 0 £ 

6 : Nature (London)2H_, 680 (1970) ] (Z 7 7 7 4 

2 ) *&tlS#0#tfr 

8££25.fl Tris-HC* ( P H 7. 5 ) tC *5 $ 1 $ * % 

loot 5 ^aar * c i tc 0 . T^iswes^pj 

3 ) Sfefe&tfJKfe 

ftififcTyK y ;M*&&ft ( ^ ^ •> - 7* V 'J7 
V Y • 7' *>-0.25%. x ^ y - ;M5%. ft&10%) 

c3o^r B i- 1 l, . s&feLfc. &fe£ftfcy 

'Milfcfeft (^;-;i/5%, gtffiU0%) 

l:* JR&SK (/<M * 7 ? KiiSU *f n> 55633) 

SDS-*'J7?«)ii/7l K y^U5ai*iJ!]**7 



^JiLyi - r O -fe ;U o - * 7 * ^ ^ - (B i o- rad . 
Trans- blot© ) „ &. 7 v r 7 3 MHlltffi 

( 2 tt) v f -f y^* < 0. 3 K iris , 

1.44% ^ M •> 20% > * / - ;i>) iZ®Ltz. 7* 
o v x 4 V ? Wl T J& 6 * C «> & t /c X 3 v * • />" 

*3 ^ *5 * . ^ 3 v f /< » K T tt * * . 7* d v -r w 
^ iT'&iff (TEFCOaSL Model :TC- 808) C -fe v V L 
it. 7 v v t < y ffo* btzL. 200. A. 1 

TBSift (25»H Tris-HC£ (pH7. 5 ) . 0. 5 M 
NaC* ) TlO^iaSL/c. 3 Hi: 7 * V A 0 O 
TB SjftT30^jfflSL/cft, 7^;u^-* 0.025 
%T*.een-20©A r> T B S ft ( TTBSft i ^ T f ) 

JJlt r7^7'5y-'>^+*IIIl?flOI gCg^ (* 
v ^^ttM) Z I \*) CDTTBS?ftT 2000 

18^^*5 3 U/c. 7 -f -£TTB$i£ifK 



tSsSra* CBio-rada:a3) £l%-tT7*-y£ 
WOTTBSjffT3000fgtc:$S^LA:«*ic:7 4 i^^- 
^^U. 2 HMttHLfc. E&SyK 7^;u^- 
€TTBS?ftT2iI. TBSiftTll, iHftlSj} 
fclftofc. 0.015%H,0,, 0.05% H R P * 7 
*<n w r>yh'U'-i?*yh (Bio-radtt) . 
16.7%^^y-;u^WOTBSiffitr7-<^^-^ 

o^30^ttffiLfc. )a t r • 7 ;i/ y ^ 

El) . ^ : f»^37000 O^ffi^phoA-.HSA % % 
fi **349000 OiSiffiKIJS^^H S A. -ttT^^fi 
ttSlOOO CDiiaCphoA-tHSA s CO tl-f tlUlffi s 
fiiab Kjfii«7;i/y5y^^i35^gfi!;-rife 

1. lEftfc h ftl« 7^7*5 y AcDNA^^^ 
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or7-^^^'j^o'-"> B y c $ * 0 y 

•— S- y ^©fcfcfcBJCLONTECHfc© X 9 9 

- t Lttt** H/:t r ffFcONA 7 4 7* 7 V * 
fflWc. A gtll*fifc;H*7 7 -*>-*±IifflYl090 

5. 5 X10» flfl* L B£3£)gife 7*tt + 1. 5 

%3S^) ±ejgft$*lfllft;lDNA*> y 7' 7 y 

7^^^— <A»ersha«t£Hybond-N) 

*f K3i (Jtis'ttiio'cp./w) *ro-yi 

Ltffit^ ^ } ) — ~ V 7 L fc I Benton & Davis 
Science 180-182(1977) ) ♦ C © 3 « 0) 7" a 

— 7* & * Lawn £ (Nucleic Acids Res JL.6103- 
6114(1981) C J; -5 T $ ftfc t Hit « 7 7 5 
ycDNA©£?d© 7 5 5 ' ( HlRBaM CD 
A T G 3 V y*»)\2X9 K±«4>4A T C 

G J; *3 9*@©7S;fiS|o>f fyfca-K**© 
#) 4>©(BSA-1) . 248«g0* ri J ->-yft* 



»l»¥2-22707fl (13) 
£ 260$ B 0 ° W - K "J* £ 4> <Z> (HSA-2) * 

5851 BOM £/ yfa - K T * &3t <fc * ftKfc 
< 6 * ^ L'** Kfrfc«« 3 ' -»BUa*4* 

c4)0(hsa-3) <t!siu&?t)T&s. cn^oro 

-7'£DJagK^*m5l2tC^r, COrn-7'© 

^^ijg|liDNAi/ytt^f-t: < fcOiTi\ » 
SSUi ( t - ' 1 P 1 ATP t # *J * £ u * K * + - 
*"*ffl^T<T-»fc- HSA-2 TH&tt© 
kit 200ffl© * gtll £ o — y © 7 5 4 ffl© £ ° — 
V 3^ ^ D N A ^ M33 (Blattner ^Science 202 . 
1279- 1284 (1978)) d ft£EcoR 1 W JSTTSft 
ffifttt®**'- y^o- v h£ HSA-2 7" o — 7 fc /\ 
-f 7* V 4 X $ ( Southern, E. , J.Hol . Biol , 

503-517(1975) ) . a ^( 7" 'J Xlf;7 7 ^> 
yH*3-PO^o-VA*&»6 *l * * 1. 8 kb . 
1.4kb. 1.3kbOl$T*^/:. C O 7 5 1. 8 kb 
il.3kb0fi*O77^> y r £pUC 19**£ * - 
(ZV V 2 z. y ? L tz. C©*r7^n-y£ 
USA- 1 iHSA-3. ^**7o-'/tlT30i-A 



^'jyU'-i's y (Crunstein £<£l/Hogne33 
Proc. Natl. Acad. Sci.USAH, 3961-3965(1975) ) K 
J; 9 7, £ «J - y L fc. © * £ * 4 

7 'J ^ 4 Xt £ £ o - y * sill (HSA I -A) 
*ifc-. C <09 o- D N ARfifr*e^E?iJ 
* -M13»p18 £<fctfapl9 RF-DNA ± IZ 

y ft ( Sanger, F. , Nick 1 en. S. <fc CfCoul son. A. R. 
Proc. Natl. Acad. Sci. USA74.. 5463-5467 (1977) ) tC 

-kOfi»flEf(*ftE^fc. -'*hsa-2 ^ro-y 

t t T It o /i * gtll £ u-y©77-0;W 7 y 
^ <f ■* - •> a y C ^ T ffi !£ © ^ * Jl> £ 4 * /<: 
£ d - y © 7 B20fflBC-7PTHSA-l £7tJ-7<t 
LTl^77-^^-<7'HMf-'>B y * It 
IfflOffiH©^*^* 1 **-*^ o - y 4 gtn 
(HSA- n ) :n^«)7r-'>'DNA*« 
53 LEcoR I rflft«jK:r?OTHSA-i ^ro-ril 
t ffl * * - y ^ -f 7 v ^ -f *" - ■> ■ y It ^ 

1.25kb© 7 7 ^ > y r (HSA- D ) A< 7* d - y t 



y r©lg$E5»I*^>t x^ + f*;? u*^ K ^ — 

5*-*>g XffiTlliELfc. HSA- D KtHSA-3 7o 
-7'ttt^'( 7" V ^ -f X I ^ 7 • C © IS & 
HSA- D lift A**'* ^^SSiB* 3 - K-T * 65 ^T* 
HSA- I-Alib Hi7^7^©7 

-b y y«3--Kf *a K y (T C A) it 
D K y CD * A - ^ a K y T G A C & T ^ h Z 

SHSH*lft0*» 6 r© 

^^g<2. 7-^ * S Kp UC-phoAOfEffl 

^ s 7 ;w * y H * 7. 7 7 * — *" p •> * * 
rf K^3« Kt4ft*^*D N Afi«t*t'7 
7 ^ ^ KpUC-phoA£ ft©*^ LTt^lS L fc. 

^Ififfl7/w* ytt*7.7.7^--fe:©i'^7-^-< 

AEDi^^ ft^*-*7 5 ? S y rJt^&aL/c. 



-607- 



EcoR I 30 

AA TTC ATG AAA CAA AGC ACT Alt GCA CTG 

G TAC TTT GTT TCG TGA TAA CGT GAC 

Net Lys Gin Ser Thr lie Ala Leu 

60 

CCA CTC TTA CCG TTA CTG TTT ACC CCT CTG 
CGT GAG A AT GGC AAT GAC AAA TGG GGA CAC 
Ala Leu Leu Pro Leu Leu Phe Thr Pro Val 

Nae 1 

ACA AAA GCC GGC G 

TGT TTT CCG CCG C TT A A 

Thr Lys Ale 

Kpa 0 EcoR I 



W^^fflCDEcoR 1 KttKMtt P U C *r 5 * 3 
KOEcoR I <r4 MCflAr*/c#C8tf**U 
HpaD !2Ift£?<ll*fft£HSA-A ffc & Jfi fc ? £ & £ ;* 
nfcK.Sl^^ tit Nae 1 li*> 

# + n,*<Tir k* mj*r *£&o7 $ j m (21* 
g®77iv) ^3-rr*3 rvoia-csu 

to* VifftZ* - >'T *DH A&n££&&& 
£T * S «fc ? * fc» K&'t £ tlfc. 72* £ u 

* * r*«*J&* D N A ft 2 *li Carutherstb 
(Hatteucci.n.D.and Caruthers,H,H. Tetrahedron 



?W 2-227070 (14) 

Letters 21.719 (1980)) K «fc *> M & $ *l fc * * * 
7 $ *M r&^fcffiLfceMDNA^fiStaUpplied 
Biosysteas* f A*380B) £ ffl U"t £ f£ $ *Wc . £ 
tlfc D N A Ot 11 /c £ x. tfSO.n Tris • HC£ 
(PH7. 6) , 10-M «iC£, % 5 7 4 r 

-/uRtf 0. 2 ■ «© A T P *S*fT (50jJ) 
*TPS;£© D N AtH©£* ©#S (21p»olea) £ 

**;££) #£T?37*c. 60^Mati:it:<t 
*) 5 ' ft £ y v m it L fc . 

±KO 'J >Bflijnfc2*0DN A ill* ^t'iS 
ft£&Hf (it IOOmDIOOT ©*iBC A*l. r?OT 

Lfc 2 y yft^DNA^pUC 19 7* 7 * $ KC 
ffl*i&CRC. 3ttDNAa&<tt*a*ftfcffl»7L 

? & s P uc 197" 7 * 5 k *ecoR i t 5 • * 
ft © y ytt8***tKi»:J;»)DNA'jJ!f- 

Ci^TJi. 1 w©pUC 19 DNA£ £L'i8tt2(M 



(50e« NaC£ , lOOaM Tris - HCf (pH7. 5 ) . 7 
»M H|C £ , . 8 # to 0 EcoR I ( ~ y # ^ *>• - V ) ) 

aL«B««*^siifttfca -h,o*38*i. /<* 

r'J77/v*ytt*X7r^--efl#<i (^ffiJB 
£ »DxT8t60*l t 37T. 60#I&S 

ffi* x * y L fc. x*/-*ttfcfc 

y yBHfc$ n^puc 19^^ * - (30n«) * > 

A ( 10og> £2.8iH{a©T4 DNAV^»-fe* (£rB&) 
*#C8t30;rf©&lSi3ifc (66e« Tris • HCI ( P B 
7. 6 ) . 6. 6 mn HgC £ , % 10.M:>" * 7 4 > - 

i.h atp) 4>-ci5t. 4 i^isnfea Ltimir 

IgfL* ^ $ ± £(handel,K.&tf Higa, A..J.M0I. 



Biol. 11.159- 162 (1970)) IZ «fc 0 it A $ *l i . M 
1***6® ( fc i *WfTB-l*) ©-&!&«« 
( JL & J$ ife * . i ^ Wf /u y 7 (LB) IS i& ) £ 
1^ U JSlfeT 100te!&«S U 00 600*< 0. 6 K « $ ^ 
T37X Tf5i 6 13» L 1. 5 aft £ 5,000rp». 5 ^ ifi 
<C'U$BU;. Ctl£ 750a£O50»« CaC £ « C 
SSL* *±C20»ttlttLfctta^CJ: *>JR»L 
^ <b tlfc fctSi £ 100/if O50»H CaC £ » C f| « 

su ffiie©D n a y *-*-fii&«*j|ini. *± 

C40#»iBLfc. 42t T 1 »«ia Lfctts lal® 
L Big ^£^^,-37*0 T30^«S L/C. COH 
0. 1 ««£25i«/«i. 7 y tTS/ y ^£^CX-Gal $ 
^tglfe (5-7'at-4-^DD-3-Or>J 
*-fl-D-*7^ h>K I55ag. r 'J r h V10 
g . NaCf 8 g * Dlfco £^-12g 1 £ 

LpH£7. 4 CL/c t©) ±tCffi^L. 37tC-?fe 

Sfiiyt, ie^±c& l 3 o jl- © o sefe* 

lt5?D;-H}Kt, » Lt^^lgl&tc^ 
-*«fflLte. *©*3tfcfc*&.B<**-e&3: 
iO, LBIftttc^-L. -Rtfetg|tjft€^^L/c. 
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fDNA©5-=-7*l'/*U— •>s>'£1fci£ (hanlatli 
^Molecular Clonlni:A Laboratory Manual. 1982) 
CfcOlTofc. $*>*lfc7*7X$KDNA*£3 
«$]|$»% ( fc <t X tfEcoR I ,Nae I . Hpa D & £ 

©»A*ftfc£&D n AKjdcti 

£ SJWrT * <> ©*>pUC 19-*;? 
i&K?fl£9JBfif 4 <> ©. fcixtf Pv« I . Bg £ I . 
Ssp ! UZ&Tf Ztly><DW£#) TWKl,* 7 # 
D-xRCf*'J 7^ 'J ^ 7 5 Ky^HSl*Wt:<fc 
0. SADNAOfiS^iS^, i§S)£ffADNA 
Ht'lflft^^^? K £ Is] £ L /c . :o«A 
DNA^C'DNA7 7 ^> :/ h £hl3«p &7 t 
- *>* D N A CUStii&^s ->*t (Sanger. 
F.NUkleo.S &. Cf Cor 1 son , A . R . Proc . Na 1 1 . Acad . 
Sci.U.S.A.74. 5463-1564 (1977)) C * o-T * * U 

phoA7* 7X$ K £ P] E L . 



?»!»¥ 2.-227073 (16) 

**M3- 7-7X5 KpUC-phoA-BSA-AOttg 
<»7 - 1 H-»7 - 2 H) 
^»B7;M'J1!*X7t 9 --tf (phoA)^) £/ ^ 

L * :/ ^£ IT * 3 - 4 DNA4^L , 7 , 7^ 
5 KpUC-phoA-HSA-*£ & © «A C I, T ft S3 L ♦ 
t r JffcDNA v 4 -f 7 'J 4 -fr fcHSAcDNA * 
o - y A gtll (HSA-D) rfn&EcoRIt Xba 

*l*pUC 19 7* 7 X 5 K CDEcoR 1 t Xba I £ © " ffi 
lfiltfeO^il^^077^ ^ r <t T4 DNAV 
#-**£^TtS£;***Bfc*7-7X5 KpUC- 
HSA-EX*fJ|ft Ufc. 

C ©7*7 X 5 Yfrb Aha 1 £ Sal 1 ©Hffi^tt 
tC^0^T*^$l^©77^> ^ h *tt33 L/c. 
C © 7 7 ^> y h ttJ£*iiEtt t r- JUL » 7 7 $ y 
A * y/*0X<D\2* S © L y s * * 356* § © 
Th r I *C.$ 3 - K t 5 . Jfc&IEfcfc HH'«7^ 
7*5 y ^ 0 K £ 7 5 ;3fe3iA^3-KfS 



K?9£. <L*£l*Ufc7 7^^n*^7i- 

ti 7 * * v ft * x 7 t ^ - © ^ 7* a, -< r ^ K 

* 3- Kf 4 DN AK?fl<!:itt£T& * <fc 7 (C Hpa 
DRtf Cla I Hf*WWK:J; ^T*r*lfc**»K 
?0CG£5' tefl3C*r LfiRSilEtt t Ufa if 7*^ 
5 yA^v^HO I*@07§;fiAs p^*b 
11SI©75;ISSIP h c^3-Kl*ifi?^f L 
Z^Z. ;©7^-^HfcDNAE?|CTH 

y&tt$*fc b<Ot. pUC-HSA-EX3^£±ttfc Aha 

n/saii-«Hifc*&*S£i^ $^:nc 

^IfiS©^^^-? f — ^ D-^y^-<^^-©^ 
*> © © — -?PAT 153(A»er3ba«ttl3s Twigg, 
A. J. RC^Sher rat t,D. Nature 2JL*L, 2 16- 2 18 . 1 980) 
© Cla I / Sal I ©±ffitfHt«5© # 7 7 

^>yhtS^U C © 3 #£T4 ona<; ^--b'C 
<fc9tS££-»K *Btft;l7*7XS KpAT-HSA-CX^^ 
fc . C © 7 7 X 5 K Jb T iE t Vfla -ft 7 ;w 7* 5 y 
A©lfc©7$y'&As pfrftllliOTI/i 



P h eia-Kt4DNAEJIi^tt)!mf:, 
pAT-HSA-CX£ EcoR I / Xba I T " £ fait L . IE# 
t Hli7^r$7A ©Aspl-Phe356£ 3 - Kt 
5DN Afie5^tt'/J^l^077/^ V 
/c. 

-£hsa-a ©# /utf* ^/w^W^a- 

cOKAli, t r fff cDNA 7 ^5'N-^&ilfc^D 
- V vtgtlMHSA I -A))3t)^^3fccDNAl2?fI©» A$ 
nTC^EcoR I. 7 7 ^> y h ^ iH53 U PUC 18 7" 
7X5 K ©EcoR HCffAtiCi^iOtB 
ft X 7" 7 X 5 KpUC-HSA-1 t^C^D-r. y^bfc. 
C*IK1J:0HSA-A © 358*lO)7§yttLeu** 
^^n/*+i/;p^J£© 585* lOLeuta-'K 
^C3' C8©^H£R^«62X ^ u ^ K £ 

Xba I /Hindffl"©-*!fift**«BLfc, C 
4l £ pAT- HSA- CX et *) '^fcEcoR I / Xba I "ffirBfl: 
fe&t/pUC 18©EcoR I /Hind ID - firg^ftl© O S 
^$«7 v ? j V Y iSH?TT4 0 N A V # — -fe* £ J; 
OilJSRiS^fTV^ ^»iE«t KiftlYi7^7*5 V 
A©cONA^«t^^flfift^r 7 X 5 KpUC-HSA-CH 
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y »e?fl£# 8 - 10-^8 - 3®Z.7fsT. 

nJt IRiiE-St *- h Ha ft . 7 ^ 7* 5 V A ©cDNA£phoA-> 
j/t^^rf K^3- Kt5 DNAE?UiillSt 
* fcfcKv pUC-HSA-CH^EcoR 1/ CliITfflBL, 

ir«^^^©77^>y^^T, dft£ 

pUC-phoA^EcoR I / Hsp I (Kpa D t PI C 12 25 & M 
(077 ^ V r £T4 DNA'j *'-Hf £ ffl "C il *S £ 

c ft£ <t *) tAS6$ ft* r 7 * $ Kpuc-phoA 

-HSA-Ati. ,217 5 ; &^S>>££phoA'>?'* A/ ~< 7* 
*- K £ L *: fiK & IE £ t r Ifil ft 7 ^ 7* $ y a * 
y/<^I«3-Ft5DNAK»«t*s **Sffi 
HB101 ttcftffic J; 9»K«ftfc-c*A$ ft* n 
- y ft $ ft fc. 

4. 7'?^S KpAT- trp-phoA-HSA-ACDti: 33 
3E* t Y toft? Ji>7 $ V A<D&1fLr ? * $ K 
P AT-phoA-HSA-A£ & © ft C L T i£ & Lfc. t r p 



?§ffl¥ 2-227079 (16) 

£ ffll^TphoA-HSA-AcDNA©£Effi-<£ * - £ ft S3, 
t/c. C © J: $ « -< 0 * - i IT lift* tfph-TKP 
(!k«hara£. Chea . Pbar ■ . Bu 1 ) e t i n t<h 
*. C ft tipBR322^ f * - £ t r p 7 o 
ttrpL© S DK?1*<SA$ ftT * © "C & * . 

* i*pBR322oniiaia* km* ** 

LT tttft l> /cpATl53(A»er5ha» Twig* , A. J. and 
Sherratt.D. Nature 283 .216-218(1980)) * 21 * 

£ L ta m * 7* 7 * ^ K £ *i] ffl.f * t <fc iv. M *. 

li'ph • TNF Jt© t r pro* — ^ -/trpLSOKM 
Pat 1 / Cla 1 © — ttlBftft*PAT153©PI 

«*© 7 v ^ > * b <t 34^ T ft C © @ ft tt&Jfc 

$ft*. d O LT ttlft* ftfcpAT- trp *< * * - £ 

A * »J > 5 - Hs 1 *ftfflS*TtS»TT6fciaO[ 
ttDNA^ Sal I TflHLL*:. CdT^^ft*^ 



& I**© 7 7 ^ > y h £phoA-HSA-AcDNA £ © t£ £ 

-£pUC-phoA-H$A-A£EcoR I /Hind 0 *? — ffi 

(phoA-HSA-AcONA K?!l£^t;) £ P AT 153 © EcoR I 
/Hind ID © — ft.W ft ft ® ^^§l^077^> 
^ r iJS^LJBSiir?^ $ rp.AT-pfaoA-HSAgft 
fc . CI ft £ EcoR I TilltLTltKttDNAiU: 
8*HBffi D N A # 'J > 5 - *' I Sfe« 
©-*a»»*a*fctt. Sill TBKl, /h$ 
© 7 7 / > V r £ phoA-HSA- A cONA * £ f && 

SHtidifc, :©77^> y ^S3i$o 

pAT- trp ^*^-*3fe©77^> y htaiSLIfl 
USAr^ 5 KpAT - trp-phoA-HSA-A£ # rt: . 

C ©*fllft*7'7 X * K**ttffiHB101 
C6004*£9AL* J&£tr»#L, col i HBIOKpAT 
- trp-phoA-HSA-A) &tfC600(pAT- trp- phoA- HSA- A) 
* & fc . 

C©£9i©iE#t hflfly»7^7'5 y A 4 a - K 
1" 4 cDNA* £ Wt * IBtt 7* 7 * 5 KpAT-trp-phoA 



-HSA-A* £*ff * *KSC600(pAT-trp-phoA-HSA-A) 

»»9874^.(PERII P- 9874) £ U T * ft * ft fc • 
4. affi©S^«6*t^. 

31 l B. . Hit 7 ^ n ^ W * 

D - K 1" * D N A © rtHet(123> A* ^ Ala (151) * 3 
- Kr*£ftDNA©«£K?Q&tf*i£TS7 5 

2 H3 li ^ cDNA ^ n — y A » 11 1 (HSA- 1)3^^ 
77 X ^ KpUC-HSA- 1 & pSAL D ©ft^iSH*^ 

■r . 

9 3 Btt. *»^©5t^7*7^^ KpAT- trp- 
pboft-SAl D ©ftMiSli*^^. 

»4BttV/nj KpAT-trp-phoA-SAL D b> b 

7;i/7$ yta^iRfiS^/cgeS^^t. 
m 5 BUi* cDNA©^ ^ ! J -s. v^icttffl U/i3 

amor D^y©ftSKS(**r. - 

LT©iE«t KJkrfl7H'7'$ yA(0*#*3"-F 
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r *cDNA<HSAcDNA) % & & £ C © cDNA © j| J& C {$ 
3' 3fcJ5&{BS£ 3 - K t *cDNA(HSA-IA) 
5 ' 5fc3*{B£ 3 - Kt *cDNA (HSA- D ) © #i 

SI 8 - 1 H ^ * 8 - 3 SI 12 * C © ffe »J] © IE # t 
h flU Y* 7 A, 7* $ XA©£fc£:i- Kt« cDNA©£ 

SKJd^^t. H + * 7 5 J m 152*6*7 $ H 
3032T© [ ) A©KMtt*»!)!©fc Mfor37 

;U7'5 :/ffeSK)t©C-5fcaaffl©7 5 y SK?iJ 

A 9 Bllir 7 X 5 KpUC-phoA-iHSA &tf P AT- . 
trp-phoA-»HSA ©ftM©iS-?I**T. 

^lOlZlttr 7 * 5 KpUC-tHSA&tfpAT-trp-tHSA 

©ft 93©igH* 

3Blliaii7'7X5 KpAT-trp-phoA- IHSA © it 53 
&12E9U:* 7" 7 * 5 KpAT-trp-phoA->HSA(U- 
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V 4 ) . pAT- trp- tHSA ( ^ - V 2 ) . jRtfpAT- 
trp-phoA-tHSA *&-©JfcS£Att© 
S D S - # 'J 7 9 V * 7 $ Ky^USv*ttHT* 
0 s ^ •> - 7' 'J >; 7 v Y 7* ;i> - K «fc 0 g G # a 

T x * ^ * ') 7 - t' B M 94.000) . f? *> flu 

yft 7 7' $ y ( # ^ 1 67 , 000 ) . * ^fri' I v 
(#?fi43.000) . ^MH»7K«fi*5E (#^ 1 30.000) 

AiP)r->^ xtt^ - ( fl 20.000) ; 

Rtf 7 fr*f \V (^^S 14. 400 ) ? £ S . 

*EP*<**©*«4J&«BK:ffissr*. 

5&l3BJttpAT- trp-»HSA ( U- XI). pAT-trp- 
IHSA ( U - V 3 ) pAT - trp- phoA - IHSA ( U - V 2 ) 

* s> © & m £ jfc ft © $ x * ^ - y 7* d v m ? $> 
ffi-t mi » 7 /i' r 5 X m * t s JS L ffi e 



Bare HI 

CA TCC ATC TCC ACC GCT TTC CAC CAC 
C 7 AC ACC TCG CCA AAC CTG CTC 
H«t Cya Thr Ala Phe His Aep 
(123) 



AAC CAA CAA ACC TTC CTG AAA AAA 
TTC CTT CTT TCG AAC CAC TTT TTT 
Aan Glu Glu Thr Phe Leu Lys Lya 



TAC CTC TAC CAA ATC GCT CCT CCT CAC 
ATC CAC ATC CTT TAC CCA CCA CCA CTC 
Tyr Leu Tyr Glu lie Ala Arg Arg Hla 



Hpa II 

CCC TAC TTC TAC CCT QCC G 

GGC ATC AAC ATC CCA CGClCTT CAC CAC AAC AAC G 
Fro Tyr Phe Tyr Ala Pro) Glu Leu Leu Phe Phe Ala 
(151) 
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H S A -1 5' -AAG6GAAAT AAAGGT TACCC ACT TC AT TGTGCCAAAGGC ~ 3f 

5'-#BP*«*-Met1 -Leu9C*8S*&«* 
(1 2*?u**K) 



HSA -2 5'-AAGGTCCGCCCTGTCATCAGCACATTCAAGC AGATCTCC - 3' 
G!y248~Leu260C*g 



HSA -3 5'-T AGATGTTAT AAGCCT AAGGC AGCT TG ACT T GCAGCAAC - 3' 
Va!576~Leu585-~3'#»Rtt*i;: 
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Asp Ala Hie Lys Ser Glu Val Ala His Arg Phe Lys Asp Leu Gly Glu Glu asn Phe Lys Ala Leu Val Leu lie 
GAT GCA CAC AAG AGT GAG GTT GCT CAT CGG TTT AAA GAT TTG GGA GAA GAA AAT TTC AAA GCC TTG GTG TTG ATT 

50 

Ala Phe Ala Gin Tyr Leu Gin Gin Cys Pro Phe Glu Asp His Val Lys Leu Val Asn Glu Val Thr Glu Phe Ala 
GCC TTT GCT CAG TAT CTT CAG CAG TGT CCA TTT GAA GAT CAT GTA AAA TTA GTG AAT GAA GTA ACT GAA TTT GCA 



Lys Thr Cys Val Ala Asp Glu Ser Ala Glu Asn Cys Asp Lys Ser Leu His Thr Leu Phe Gly Asp Lys Leu Cys 
AAA ACA TGT GTT GCT GAT GAG TCA GCT GAA AAT TGT GAC AAA TCA CTT CAT ACC CTT TTT GGA GAC AAA TTA TGC 

100 

Thr Val Ala Thr Leu Arg Glu Thr Tyr Gly Glu Met Ala Asp Cys Cys Ala Lys Gin Glu Pro Glu Arg Asn Glu 
ACA GTT GCA ACT CTT CGT GAA ACC TAT CGT GAA ATG GCT GAC TGC TGT GCA AAA CAA GAA CCT GAG AGA AAT GAA 



Cys Phe Leu Gin His Lys Asp Asp Asn Pro Asn Leu Pro Arg Leu Val Arg Pro Glu Val Asp Val Met Cys Thr 
TGC TTC TTG CAA CAC AAA GAT GAC AAC • CCA AAC CTC CCC CGA TTG GTG AGA CCA GAG GTT GAT GTG ATG TGC ACT 

150 

Ala Phe His Asp Asn Glu Glu Thr Phe Leu Lys Lys Tyr Leu Tyr Glu lie Ala Arg Arg His Pro Tyr Phe Tyr 
GCT TTT CAT GAC AAT GAA GAG ACA TTT TTG AAA AAA TAC TTA TAT GAA ATT GCC AGA AGA CAT CCT TAC TTT TAT 



Ala Pro Glu Leu Leu Phe Phe Ala Lys Arg Tyr Lys Ala Ala Phe Thr Glu Cys Cys Gin Ala Ala Asp Lys Ala 
GCC CCG GAA CTC CTT TTC TTT GCT AAA AGG TAT AAA GCT GCT TTT ACA GAA TGT TGC CAA GCT GCT GAT AAA GCT 

200 

Ala Cys Leu Leu Pro Lys Leu Asp Glu Leu Arg Asp Glu Gly Lys Ala Ser Ser Ala Lys Gin Arg Leu Lys Cys 
GCC TGC CTG TTG CCA AAG CTC GAT GAA CTT CGG GAT GAA GGG AAG GCT TCG TCT GCC AAA CAG AGA CTC AAG TGT 
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Ala Ser Leu Gin Lys Phe Gly Glu Arg Ala Phe Lys Ala Trp Ala Val Ala Arg Leu Ser Gin Arg Phe Pro Lys 
GCC AGT CTC CAA AAA. TTT GGA GAA AGA GCT TTC AAA GCA TGG GCA GTA GCT CGC CTG AGC CAG AGA TTT CCC AAA 

250 

Ala Glu Phe Ala Glu Val Ser Lys Leu Val Thr Asp Leu Thr Lys Val His Thr Glu Cys Cys His Gly Asp Leu 
GCT GAG TTT GCA GAA GTT TCC AAG TTA CTG ACA GAT CTT ACC AAA GTC CAC ACG GAA TGC TGC CAT GGA GAT CTG 

Leu Glu Cys Ala Asp Asp Arg Ala Asp Leu Ala Lys Tyr lie CyB Glu Asn Gin Asp Ser lie Ser Ser Lys Leu 
CTT GAA TGT GCT GAT GAC AGG GCG GAC CTT GCC AAG TAT ATC TGT GAA AAT CAA GAT TCG ATC TCC AGT AAA CTG 

300 

Lys Glu Cys Cys Glu Lys Pro Leu Leu Glu Lys Ser His Cys lie Ala Glu Val Glu Asn Asp Glu Met Pro Ala 
AAG GAA TGC TGT GAA AAA CCT CTG TTG GAA AAA TCC CAC TGC ATT GCC GAA GTG GAA AAT GAT GAG ATG CCT GCT 

Asp Leu Pro Ser Leu Ala Ala Asp Phe Val Glu Ser Lys Asp Val Cys Lys Asn Tyr Ala Glu Ala Lys Asp Val 
GAC TTG CCT TCA TTA GCT GCT GAT TTT GTT GAA AGT AAG GAT GTT TGC AAA AAC TAT GCT GAG GCA AAG GAT GTC 

350 

Phe Leu Gly Met Phe Leu Tyr Glu Tyr Ala Arg Arg His Pro Asp Tyr Ser Val Val Leu Leu Leu Arg Leu Ala 
TTC CTG GGC ATG TTT TTG TAT GAA TAT GCA AGA AGG CAT CCT GAT TAC TCT GTC GTG CTG CTG CTG AGA CTT GCC 

Lys Thr Tyr Glu Thr Thr Leu Glu Lys Cys Cys Ala Ala Ala Asp Pro His Glu Cys Tyr Ala Lys Val Phe Asp 
AAG ACA TAT GAA ACC ACT CTA GAG AAG TGC TGT GCC GCT GCA GAT CCT CAT GAA TGC TAT GCC AAA GTG TTC GAT 

400 

Glu Phe Lys Pro Leu Val Glu Glu Pro Gin Asn Leu He Lys Gin Asn Cys Glu Leu Phe Glu Gin Leu Gly Glu 
GAA TTT AAA CCT CTT GTG GAA GAG CCT CAG AAT TTA ATC AAA CAA AAT TGT GAG CTT TTT GAG CAG CTT GGA GAG 
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Tyr Lys Phe Gin Asn Ala Leu Leu Val Arg Tyr Thr Lys Lys Val Pro Gin Val Ser Thr Pro Thr Leu Val Glu 
TAC AAA TTC CAG AAT GCG CTA TTA GTT CGT TAC ACC AAG AAA GTA CCC CAA GTG TCA ACT CCA ACT CTT GTA GAG 

450 

Val Ser Arg Asn Leu Gly Lys Val Gly Ser Lys Cys Cys Lys His Pro Glu Ala Lys Arg Met Pro Cys Ala Glu 
GTC TCA AGA AAC CTA GGA AAA GTG GGC AGC AAA TGT TGT AAA CAT CCT GAA GCA AAA AGA ATG CCC TGT GCA GAA 

Asp Tyr Leu Ser Val Val Leu Asn Gin Leu Cys Val Leu His Glu Lys Thr Pro Val Ser Asp Arg Val Thr Lys 
GAC TAT CTA TCC GTG GTC CTG AAC CAG TTA TGT GTG TTG CAT GAG AAA ACG CCA GTA AGT GAC AGA GTC ACA AAA 

500 

Cys Cys Thr Glu Ser Leu Val Asn Arg Arg Pro Cys Phe Ser Ala Leu Glu Val Asp Glu Thr Tyr Val Pro Lys 
TGC TGC ACA GAG TCC TTG GTG AAC AGG CGA CCA TGC TTT TCA GCT CTG GAA GTC GAT GAA ACA TAC GTT CCC AAA 

Glu Phe Asn Ala Glu Thr Phe Thr Phe His Ala Asp He Cys Thr Leu Ser Glu Lys Glu Arg Gin He Lys Lys 
GAG TTT AAT GCT GAA ACA TTC ACC TTC CAT GCA GAT ATA TGC ACA CTT TCT GAG AAG GAG AGA CAA ATC AAG AAA 

550 

Gin Thr Ala Leu Val Glu Leu Val Lys His Lys Pro Lys Ala Thr Lys Glu Gin Leu Lys Ala Val Met Asp Asp 
CAA ACT GCA CTT GTT GAG CTT GTG AAA CAC AAG CCC AAG GCA ACA AAA GAG CAA CTG AAA GCT GTT ATG GAT GAT 

Phe Ala Ala Phe Val Glu Lys Cys Cys Lys Ala Asp Asp Lys Glu Thr Cys Phe Ala Glu Glu Gly Lys Lys Leu 
TTC GCA GCT TTT GTA GAG AAG TGC TGC AAG GCT GAC GAT AAG* GAG ACC TGC TTT GCC GAG GAG GGT AAA AAA CTT 

Val Ala Ala Ser Gin Ala Ala Leu Gly Leu End 
GTT GCT GCA AGT CAA GCT GCC TTA GGC TTA TAA 
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Specification 

1. Title of Invention: 

Human serum albumin fragments 

2. Claims: 

1. Human serum albumin fragments, from the center part 
of human serum albumin. 

2. A fragment in accordance with Claim 1 which has the 
amino acid sequence from the methionine in the 123rd 
position of human serum albumin to the proline in the 303rd 
position . 

3. Fused proteins, consisting of central parts of 
human serum albumin and other polypeptides. 

4. Fused proteins in accordance with Claim 1, 
consisting of signal peptide of coliform bacteria alkaline 
phosphatase and polypeptides which have the amino acid 
sequence from the methionine in the 123rd position of humam 
serum albumin to the proline in the 303rd position. 

5. Human serum albumin fragments, lacking the C 
terminus part of human serum albumin. 

6. A fragment in accordance with Claim 5 which has the 
amino acid sequence from the aspartic acid in the 1st 



position of human serum albumin to the proline in the 303rd 
position. 

7. Fused proteins, consisting of fragments lacking the 
C terminus part of human serum albumin and other 
polypeptides . 

8. Fused proteins in accordance with Claim 7, 
consisting of signal peptide of coliform bacteria alkaline 
phosphatase and polypeptides which have the amino acid 
sequence from the aspartic acid in the 1st position of human 
serum albumin to the proline in the 303rd position. 

9. Human serum albumin fragments, lacking the N- 
terminus part of human serum albumin. 

10. A fragment in accordance with Claim 9 which has 
the amino acid sequence from the methionine in the 123rd 
position of human serum albumin to the leucine in the 585th 
position. 

11. Fused proteins, consisting of fragments lacking 
the N-terminus part of human serum albumin and other 
polypeptides . 

12. Fused proteins in accordance with Claim 11, 
consisting of signal peptide of coliform bacteria alkaline 
phosphatase and polypeptides which have the amino acid 
sequence from the methionine in the 123rd position of human 
serum albumin to the leucine in the 585th position. 
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13. DNA sequences which encode the protein fragments 
mentioned in Claims 1, 5, or 9 or the fused proteins 
mentioned in Claims 3, 7, or 11. 

14. Plasmids containing the DNA sequences mentioned in 
Claim 13. 

15. Plasmids mentioned in Claim 14, which are 
expression plasmids that have control sequences for 
efficiently expressing the said DNA sequences in a host, 
upstream in the aforementioned DNA sequences. 

16. Hosts, the characters of which have been 
transformed by the plasmids mentioned in Claim 14. 

1.7. A method for manufacturing human serum albumin 
protein fragments or fused proteins containing the said 
fragments, characterized in that human serum albumin protein 
fragments or fused proteins containing the said fragments 
are expressed by culturing the hosts mentioned in Claim 16, 
and in the case in which fused proteins are expressed, the 
said human serum albumin protein fragments are cleaved from 
the said fused proteins as desired. 



3. Detailed Explanation of Invention: 

Field of Application in Industry 

This invention concerns protein fragments consisting of 
partis of human serum albumin. These protein fragments are 
expected to have applications as carriers for transport and 
supply systems of drugs, etc. 

Conventional Technology [Prior Art] 

Human serum albumins are high-molecular-weight plasma 
proteins with a molecular weight of 66,458 which are 
synthesized in the human liver • In the body, they primarily 
have the important functions of regulating the osmotic 
pressure of the blood, bonding with various substances 
(e.g., fatty acids, metal ions such as Cu 2+ and Ni 2+ , bile 
bilirubin, many drugs, some water-soluble vitamins, etc.) 
and thus carrying them to target organs , supplying amino 
acids to tissues, etc. On the basis of these activities, 
human serum albumin is used in large quantities in the 
treatment of loss of albumin due to burns or gastritis, 
etc.; hypoalbuminemia , which occurs when albumin synthesis 
is reduced by cirrhosis of the liver; hemorrhagic shock; 
etc. Serum albumins also play the role of bonding 
nonspecif ically with many drugs and transporting them in the 
blood. It is thought that drugs which bond with albumins 
move through the body due to blood circulation and are 
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eventually liberated from the albumins, pass through the 
capillary walls, and are dispersed, thus arriving at their 
sites of activity- Albumins have little toxicity and low 
antigenicity; they are easily decomposed in the body. They 
can be easily covalently bonded with drugs and formed into 
complexes. They have the advantages that they have excellent 
characteristics as substrates for drug delivery (drug 
carriers), and for many of them, bonding sites with various 
drugs have been determined or are suspected, so that they 
can be easily designed for the manufacturing of 
pharmaceutical preparations. 

Fundamentally, almost all suspected bonding sites with 
many drugs are contained also in human serum albumin 
fragments, and are thought to be able to show activities as 
drug carriers. When used as carriers, etc., in transport and 
delivery systems for drugs, etc., from the point of view of 
limiting bonding ability with drugs, etc., it is predicted 
that it is more advantageous to use fragments of human serum 
albumin molecules, rather than the whole molecules. 

In general, as methods for preparing fragments of 
proteins by cutting them, methods of using chemical 
substances such as cyanogen bromide or proteases such as 
trypsin, pepsin, etc. [to cut] proteins are known. However, 
in these methods, since the cutting sites are necessarily 
determined by the amino acid sequence of the proteins, it is 
not possible to cut them at any arbitrary desired site, and 
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therefore it is not possible to obtain ideal protein 
fragments. Therefore, such fragments cannot be obtained 
either from human serum albumin. 

Problems Which This Invention Seeks to Solve 

In contrast to this, by using recombinant DNA 
technology, it is possible to synthesize human serum albumin 
.fragments consisting of any desired parts in suitable host 
cells. Therefore, this invention seeks to provide human 
serum albumin protein fragments by recombinant DNA 
technology, based on making DNA which encodes the desired 
protein fragments of human serum albumin, as well as a 
method for manufacturing them. 

More specifically, this invention concerns human serum 
albumin fragments from the central part of human serum 
albumin and fused proteins composed of the said fragments 
and other polypeptides; human serum albumin fragments 
lacking the C-terminus parts of human serum albumin and 
fused proteins composed of the said fragments and other 
polypeptides , as well as human serum albumin fragments 
lacking the N- terminus parts of human serum albumin and 
fused proteins composed of the said fragments and other 
polypeptides ; DNA which encodes these protein fragments or 
fused proteins; plasmids containing the said DNA; hosts 
whose characteristics have been transformed by the said 
plasmids; and a method for manufacturing human serum 
albumin protein fragments or fused proteins containing such 
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fragments which is characterized in that, by culturing the 
aforementioned hosts, human serum albumin protein fragments 
or fused proteins containing these fragments are expressed, 
and in case the fused protein fragments are expressed, the 
said human serum albumin protein fragments are cut from the 
said fused proteins as desired. 

Concrete Explanation of Invention 

The cDNA which encodes normal human serum albumin A has 
already been cloned (Public Patent Application No, 63- 
037453) . Therefore, using this cDNA, it is possible to 
manufacture any desired fragments of normal human serum 
albumin A by genetic engineering methods. 

This invention provides, as such fragments, (1) serum 
albumin fragments from the central parts of human semm 
albumin; (2) serum albumin fragments lacking the C-terminus 
of human serum albumin; and (3) seirum albumin fragments 
lacking the N-terminus of human serum albumin. For example, 
this invention provides, as examples of albumin fragments 
from the central parts of human serum albumin, albumin 
fragments which contain the amino acid sequence from the 
methionine in the 123rd position of human serum albumin to 
the proline in the 303rd position; as examples of albumin 
fragments lacking the C-termini, albumin fragments which 
contain the amino acid sequence from the aspartic acid in 
the 1st position of human serum albumin to the proline in 
the 303rd position (these are sometimes called M mini-HSA M ); 



and as examples of albumin fragments lacking the N-termini, 
albumin fragments which contain the amino acid sequence from 
the methionine in the 123rd position of human serum albumin 
to the leucine in the 585th position (these are sometimes 
called "contracted HSA" ) . 

These three types of albumin fragments of this 
invention have the following characteristics. 

The albumin fragments of this invention all contain the 
central part of human serum albumin. This is because, up to 
now, 4 drug bonding sites have been discovered on the human 
serum albumin molecule which are contained within this 
central part (sites I-IV) [Sjoholm, I., Ekman, B. E., Kober, 
A., Ljugstedt-Pahlman, I., Seiving, B., and Sjodin, T., Mol. 
Pharmacol. !£, 767-(1979)]; at these sites, several amino 
acid residues which play important roles in bonding drugs 
are known [Fehske, K. et al . , Biochera. Pharmacol. 211, 688- 
(1981)], and almost all of these are concentrated in the 
central part. 

Sjoholm et al. have investigated the bonding sites of 
many kinds of drugs by using microcytes containing drugs 
uniformly dispersed in human serum albumins; they classify 
them as the diazepam site (site I), the digitoxin site (site 
II), and the warfarin site (site III). It also appears that, 
besides these, a tamoxifen site (site IV) or a bilirubin 
bonding site are present. Fehske et al. suspected* that the 
amino acids which play important roles in the bonding sites 
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of diazepam, warfarin, and bilirubin are, respectively, 
Lysl95 and Hisl46, Argl45 and Trp214, and Lysl99 and Lys240. 
On the other hand, the bonding sites for long-chain fatty 
acids such as palmitates appear to be in the C-terminus 
region [Reed, R. G., Feldhoff, R. C, Clute, 0. L. and 
Peters, T., Tr. Biochemistry, li, 4578- (1975); Berde, C. 
B., Hudson, B. S., Simoni, ft. D. and Sklar, L. A. , J* Biol. 
Chem., 25A, 391- ( 1979)]; if the human serum albumin 
fragments from the central part of human serum albumin, or 
the human serum albumin fragments with the C-terraini 
missing, of this invention are used, long-chain fatty acids 
cannot be bonded, and the production of drug carriers which 
can bond with diazepam, warfarin, etc., becomes possible. 

Human serum albumins are high-molecular-weight proteins 
composed of 585 amino acids; they have 35 cysteine residues 
in their molecules, among which only the cysteine residue 
located closest to the N-terminus side (Cys-34) is present 
in a form which has a free SH group; the others form 
disulfide (S-S) bonds with each other; a total of 17 S-S 
bridges are formed in the molecule. It has recently been 
demonstrated that at least 2 enzymes [peptidylprolyl cis- 
trans isomerase and protein disulfide isomerase (PDI)] 
contribute to the process of forming higher-order (steric) 
structures of protein molecules; it is the latter, PDI, 
which plays an Important role in forming S-S bridges. In the 
cells of mammals which produce serum albumin, PDI acts in 
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the processes of biosynthesis and intracellular transport of 
human albumin proteins, and the principal locations where 
PDI is known to be present are microsome fractions which 
contain microcytes. When human serum albumin is 
biosynthesized in prokaryotic cells, including coliform 
bacilli, the aforementioned reactions occur. There is no 
guarantee that correct S-S bridges will be formed in the 
molecules; the Cys-34 may cause a thiol/disulfide exchange 
reaction to occur with the cysteine residue in the molecule, 
producing a crossing of the S-S bridges and thus an isomer. 
Thus, when cysteine residues which have free SH groups are 
present, the efficiency with which proteins arise that take 
the normal steric form, which should be produced, is 
reduced , and the risk that proteins with abnormal steric 
structures will also be abnormal functionally becomes great. 
In contrast to this, in the albumin fragments of this 
invention, lacking the N-terminus part, which contain the 
amino acid sequence from the methionine in the 123rd 
position to the leucine in the 585th position, the Cys34 is 
removed, together with the other 6 cysteines located on the 
amino end side, and this risk is lessened. 

In this invention, as typical examples of the 3 
aforementioned types of albumin fragments, 3 kinds of 
albumin fragments with specific amino Sequence ranges are 
mentioned; the 3 types of albumin fragments have the 
characteristics mentioned above, and all albumin fragments 
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which can exhibit these characteristics are included in the 
scope of this invention. For example, the range from the 
methionine in the 123rd position to the proline in the 303rd 
position was given as an example of the central part in 
which drug bonding sites are concentrated; the central part 
is not, however, limited to this range, but may be longer or 
shorter than the 123rd position to the 303rd position, as 
long as most of the drug bonding sites are included in it. 
Moreover, the range from the 304th position to the C- 
terminus was given as an example of the C-terruinus region in 
which long-chain fatty acid bonding sites are present and 
which must therefore be removed, but it is not limited to 
this example; the range may be longer or shorter, as long 
as it contains the long-chain fatty acid bonding sites. 
Furthermore, the range from the N-terminus to the 122nd 
position is given as an example of the range of the .N- 
terminus, which contaiins many cysteines and which therefore 
must be removed, but it is not limited to this range; it 
may be longer or shorter, as long as it is an N- terminus 
region which contains the cysteine in the 34th position. 

Therefore, various albumin fragments can be designed, 
by referring to the following conditions, and fall within 
the scope of this invention. The essential condition for 
designing human serum albumin fragments is that fragments be 
selected which can be expected to retain steric structures 
required for bonding specific drugs. The points which need 



to be noted are: (i) the S-S bridges present in the 
structures of natural human serum albumin must be kept in 
their original forms; (ii) therefore, an even number of 
cysteine residues must be present in the polypeptide chains 
forming the fragments; and (iii) cuts must not be made in 
the polypeptide chains which form loops by being bonded by 
S-S bridges. That is, several of the important domain 
structures, or at least the subdomain structures, which are 
present in natural human serum albumin molecules, must not 
be destroyed. 

These points are especially important, for example, in 
cases in which one is trying to solubilize in vitro (in the 
test tube) human serum albumin fragments extracted from 
cells in their insolubilized forms and cause them to take 
the original normal steric forms (including also the S-S 
bonds). In such in vitro steric structure formation 
(refolding) reactions, it is possible to use peptidylprolyl 
cis-trans isomerase or PDI . 

The method of making the cDNA which encodes the whole 
normal human serum albumin A or most of it is described 
concretely in Reference Example 1. The entire DNA which 
encodes the target protein fragment can be chemically 
synthesized by the usual methods, or it can be prepared from 
the aforementioned cDNA. When it is prepared from the cDNA, 
the cDNA which encodes all or most of the normal human serum 
albumin A is cut by a suitable restriction endonuclease 
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inside the 5' end or 3' end of the cDNA region which encodes 
the target protein fragment and the missing end code 
sequences are made up by chemically synthesized DNA. 
Otherwise, the cDNA can be cut by a suitable restriction 
endonuclease outside the 5' end or 3' end of the cDNA region 
which encodes the target protein fragment, and the excess 
DNA part is removed by an exonuclease. Of these two methods, 
different methods for processing the 5' end and the 3' end 
can be combined. 

In the example of this invention, as the DNA which 
encodes the protein fragment composed of Met ( 123 ) -Pro ( 303 ) 
in the amino acid sequence of normal human serum albumin, 
synthetic DNA which encodes Met( 123)-Ala( 151) (Fig. 1) and 
cDNA which encodes Pro( 152 ) -Pro ( 303 ) (the part shown in [ 
] in Fig. 8-1 to Fig. 8-2), bonded together, are used. As 
the DNA which encodes a fused protein of the signal peptide 
of alkaline phosphatase and mini-HSA and which is used [in 
this invention], the DNA which encodes the signal peptide 
from alkaline phosphatase and human serum albumin A from 
Aspl to Prol52, from the plasmid pUC-phoA-HSA-A, which 
contains the DNA which encodes the fused protein [composed 
of] the signal peptide of alkaline phosphatase and the whole 
length of the human serum albumin molecule, already 
described in Public Patent Application No. 63-037453, is 
fused with the DNA fragment which encodes Glul53-Pro303 , cut 
from the plasmid pUC-HSA-I', already described in Public 
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Patent Application Bulletin No. 63-268302. As the DNA which 
encodes the contracted HSA and is used [in this invention], 
the synthetic DNA part (Metl23-Alal51) cut from the DNA 
which encodes the Met 123-Pro303 , made as described above, is 
bonded with the DNA sequence which includes the code region 
of Prol52-Leu585 and the 3' side non-selective region, cut 
from pUC-phoA-HSA-A, already described in Public Patent 
Application Bulletin No. 63-037453. 

The DNA which encodes the normal human serum albumin 
fragments of this invention can be expressed in itself, but 
it can also be expressed in a form in which it is linked 
with DNA encoding other peptides, and a fused protein can be 
obtained. Various peptides can be used as fusion partners 
for obtaining this kind of fused protein. One of these, for 
example, is the signal peptide of coliform bacteria alkaline 
phosphatase. When the target human serum albumin fragment is 
obtained as this kind of fused protein, the signal peptide 
can be removed later and the human serum albumin fragment 
obtained. 

In order to express a human serum albumin fragment, for 
example, the DNA which encodes the fused protein is inserted 
into a suitable expression vector, e.g., a plasmid, after 
which the said vector is introduced into the host, as 
described above. As the host for the expression, one can use 
eukaryotic cells such as animal cells or yeasts, or 
prokaryotic cells such as bacteria; the vector is chosen 
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according to the host. In expression plasmids in bacteria, 
the DNA which encodes the human serum albumin fragments or 
the fused proteins which include these fragments are placed 
at the base of the expression-controlling region, which 
includes a promoter and an SD sequence. For example, one can 
use trp promoter, lac promoter, lambda phage promoters (Pr/ 
P L ), tufB promoter, or rrnB promoter, or hybrid promoters, 
[composed] of these. 

The transformation of the characteristics of the host, 
e.g., the coliform bacteria, by the expression vector, e.g., 
the plasmid, can be performed by the usual methods. The 
culturing of the coliform bacteria is performed by the usual 
methods. In order to produce the target proteins, after the 
coliform bacteria have multiplied to a specific level, the 
expression of the target genes is induced by performing an 
induction treatment. The method of the induction differs 
with the promoter being used; for example, when trp 
promoter is used, the induction can be performed by adding 
3-/3-indole acrylic acid to the culture medium. 

In cases in which coliform bacteria are used as hosts, 
the target protein is accumulated primarily in the cells. 
Therefore, in order to recover the protein, the cultured 
bacteria are first collected and washed, if desired, after 
which they are resuspended in water or a buffer solution and 
the cells are destroyed. Since the target protein is 
contained primarily in the insoluble fraction, the insoluble 
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fraction is collected, by centrifugal separation, for 
example, and washed, if desired. Next, the insoluble 
fraction is transferred to a buffer solution for protein 
solubilization, e.g., a buffer solution containing sodium 
dodecyl sulfate and 2-mercaptoethanol , and the protein is 
solubilized. 

Next, the said protein is recovered and purified 
according to the usual methods from this solution, which 
contains the fused protein of human serum albumin fragments . 
In order to obtain the target fused protein of human serum 
albumin fragments by splitting open the fused protein, the 
method of in vitro decomposition by means of coliform 
bacteria leader peptidase (signal peptidase I) [Zwizinski, 
C. and Wickner, W., J. Biol. Chem., 255., 7973 (1980)] can be 
used. Moreover, if cyanogen bromide is used on the fused 
protein, the fragment Cysl24-Met298 is obtained. 

Effectiveness of Invention 

Since the albumin fragments which lack the C-terroinus 
regions of this invention lack the long-chain fatty acid 
bonding sites which are present in the C-terminus , they 
have the advantage that they do not bond with long-chain 
fatty acids, but do bond with various drugs in their central 
regions. On the other hand, the albumin fragments which lack 
the N-terminus regions, lack Cys34 and many other cysteine 
residues and are advantageous for stable folding of 
proteins. Furthermore, the albumin fragments from only the 
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central part of the human serum albumin have the advantages 
of both of these. 

Next, the manufacturing of the human serum albumin 
fragments of thi£ invention will be explained concretely by 
means of actual examples. 

In the actual examples, unless otherwise specifically 
mentioned, the enzyme reactions for treating the DNA were 
performed under the following conditions. 

Restriction enzyme reactions 

In the cases of Msp I (Nippon Gene Co., 10 units/pl), 
BamH I (Nippon Gene Co., 35 units/pl), Cla I (New England 
Biolabs, 5 units/pl), Hind III (Nippon Gene Co., 12 
units/pl), and EcoR I (Nippon Gene Co., 12 units/pl): 
sterile distilled water was added to 1 pg DNA, 1 pi enzyme, 
and 3 pi 10X EcoR I buffer solution [1 M Tris-HcL (pH 7.5), 
100 mM MgCl 2 , 500 mM NaCl] to make 30 pi. The temperature 
was held at 37 °C for 1 hour, to complete the cleavage. In 
the cases of Sal I and Xba I (Nippon Gene Co., 15 units/pl), 
in place of the 10X EcoR I buffer solution, 100 mM Tris-HCl 
(pH 7.5), 70 mM MgCl 2 , 1.75 M NaCl, 70 mM 2-mercaptoethanol , 
2 mM EDTA, and 0.1% bovine serum albumin were used. 

In the cases of Pst I (Nippon Gene Co., 12 units/pl) 
and Sph I (Takara Shuzo Co., 10 units/pl), the concentration 
of the NaCl was doubled. 
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Treatment by bacterial alkaline phosphatase 

Sterile distilled water was added to 1 pg DNA, 1 /j1 
each restriction enzymes EcoR I and Hind III, and 2 fjl 10 X 
EcoR I buffer solution to make 20 pi, and the temperature 
was held at 37 °C for 1 hour, after which heating was 
performed at 90 °C for 5 minutes to activate the enzymes. 
Next, 38 pi sterile distilled water and 2 pi bacterial 
alkaline phosphatase (Takara Shuzo Co., 0.5 units/pl) were 
added and the temperature was held at 37 °C for 1 hour, after 
which phenol extraction was performed and the water layer 
obtained was used for ethanol precipitation. 

T4 DNA ligase treatment 

Sterile distilled water was added to, for example, 1 pg 
vector DNA, an equimolar quantity of DNA fragment to the 
vector DNA, 3 pi 10X ligase buffer solution [660 mM Tris-HCl 
(pH 7.5), 66 mM MgCl 2 , 100 mM dithiothreitol , 1 mM ATP] , and 
1 pi T4 DNA ligase (Takara Shuzo Co., approximately 400 
units/pl) to make 30 pi; the temperature was held at 16 °C 
overnight . 

5 '-phosphorylation of synthetic fragments by T4 
polynucleotide kinase 

Quantities (approximately 30 pmoles) of the various DNA 
fragments in a solution (25 pi) containing 50 mM Tris-HCl 
(pH 7.6), 10 mM MgCl 2 , 5 mM dithiothreitol, and 0 . 2 mM ATP 
are treated for 60 minutes at 37°C with 6 units of T4 



polynucleotide kinase (Takara Shuzo Co.) to perform the 5'- 
phosphorylation. The solutions containing the phosphorylated 
fragments are mixed (total 100 pi) and kept for 5 minutes in 
a 100°C water bath, after which [this solution] is left to 
cool at room temperature; thus the annealing is performed. 
Two pi of T4 DNA ligase are added, and the temperature is 
kept at 16 °C overnight, joining the fragments and making a 
double-chain fragment. 

Coliform bacteria DNA polymerase I reaction 

Sterile distilled water is added to 1 pg DNA, 1 pi DNA 
polymerase I (Klenow fragment, Takara Shuzo Co., 35 
units/pl), 1 pi 1 mM dXTP (mixture of dATP , dGTP, dCTP, and 
TTP ) , and 3 pi 10X buffer solution [70 raM Tris-HCl (pH 7.5), 
1 mM EDTA, 200 mM NaCl, and 70 mM MgCl 2 ] to make a total 
quantity of 30 pi; this was kept for 30 minutes at 37 °C. 

Actual Example 1. Synthesis of DNA encoding Met (123)- 
Ala(151) 

The construction of a gene fragment which has a BamH I 
adhesion end on the 5' end, an Hpa II (Msp I) recognition 
sequence near the 3' end, and the double-chain part of which 
completely encodes the Met ( 123 ) -Ala ( 151) of human serum 
albumin was performed as follows. In order to express [these 
genes] efficiently in coliform bacteria, a sequence was 
designed which contained as many as possible of the codons 



which are frequently used by genes which are expressed with 
high efficiencies in coliform bacteria (preferential 
codons). tRNA species with respect to these codons are 
generally present in large quantities in coliform bacteria 
[e.g., Ikemura, T. J., Mol. Biol.,. 151, 389-409 (1981); 
Gouy, M. and Gautier, C, Nucleic Acids Res., Ifl., 7055-7074 
(1982)], and they can be expected to affect the translation 
efficiency. 

In the actual synthesis, the following 4 
oligonucleotides: 

5 ' -GATCCATGTGCACCGCTTTCCACCACAACGAAGAAACCTTCC-3 ' 

5 ' -AGGTATTTTTTCAGCAACGTTTCTTCGTTGTCGTGGAA 
AGCGGTGCACATG-3 ' 

5 ' -TGAAAAATACCTGTACGAAATCGCTCGTCGTCACCCG 
TACTTCTACGCTCCGG-3 ' 

5 ' - C GAAGAACAGCAGTTCC GGAGC GT AGAAGT AC GGGTGA 
C GAC GAGC GATTTC GTAC - 3 ' 

were synthesized by using an automatic synthesizer (Applied 
Biosystems Model 3 8 OB) , applying the phosphoamidite method 
developed by Caruthers et al. [Matteucci, M. D. and 
Caruthers, M. H., Tetrahedron Letters 21, 719 (19 80).]. The 
DNA chains synthesized (approximately 30 pmoles) were 
treated in a solution of 50 mM Tris-HCl (pH 7 . &) , 10 mM 
MgCl 2 # 5 mM dithiothreitol , and 0.2 mM ATP (50 pi), in the 
presence of 6 units of T4 polynucleotide kinase (Takara 
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Shuzo Co.)/ at 37°C, for 6.0 minutes, and their 5 ' -ends were 
phosphorylated . 

The 4 phosphorylated fragments were mixed and kept in a 
100°C water bath for 5 minutes, after which they were left 
to cool to room temperature, to perform the annealing. Two 
pi of T4 DNA ligase (800 units, Takara Shuzo Co.) were added 
and the temperature was held at 16 °C overnight, joining the 
fragments and making a double-chain fragment. Next, this 
double-chain fragment was cut with Hpa II (Msp I) to obtain 
a 96 bp fragment . 

Actual Example 2 . Prepaxation of DNA fragment encoding 
human serum albumin fragment Met( 123)-Pro( 303) (Fig. 2) 

The lambda gtll human cDNA clone (HSA-1A) lacking the 
part which encodes the amine end side of normal human serum 
albumin and containing a sequence in which the codon coding 
the 304th serine is changed to a translation termination 
codon (Reference Example 1, Fig. 6) was cut by EcoR I and 
the human serum albumin cDNA part was taken out; this was 
inserted into the EcoR I site of plasmid pUC19, making 
plasmid pUC-HSA-I. 

pUC-HSA-I was cut with Pst I and the 5 ' -end phosphoric 
acid group produced was removed by treating with bacterial 
alkaline phosphatase; after this, the result was cut with 
Hpa II (Msp I), and the 750 bp fragment was removed. This 
750 bp fragment was joined with the 96 bp fragment 



24 



synthesized in Actual Example 1 by means of T4 DNA ligase, 
using the correspondence of the cohesive ends of Hpa II (Msp 

1) . After this, it was joined with the larger fragment of 
the double digestion product of BamH I and Pst I of pUC19, 
by means of T4 DNA ligase, and the pSAL II plasmid was. 
obtained. 

Actual Example 3. Preparation of fused protein expression 
plasmid pAT-trp-phoA-SAL II (Fig. 3) 

pSAL II was treated with BamH I to perform ring 
opening; the ends were treated with coliform bacteria DNA 
polymerase I to make smooth ends, after which it was cut 
with Hind III to obtain a 750 bp fragment containing HSA 
cDNA. On the other hand, plasmid pUC-phoA (Reference Example 

2) , [made by] incorporating an artificial leader sequence 
encoding the signal peptide of coliform bacteria phosphatase 
(phoA) into the pUC 19 plasmid, was cut with Hpa II (Msp I), 
and after the ends were smoothed with coliform bacteria DNA 
polymerase I, it was cut with EcoR I to obtain a 69 bp 
fragment containing the leader sequence. This fragment and a 
750 bp fragment containing part of the normal human serum 
albumin cDNA derived from pSAL II were joined with T4 DNA 
ligase, and this was further joined with the larger of the 
fragments among the double digestion products of EcoR I and 
Hind III of pUC 19; thus, the pUC-phoA-SAL II plasmid, in 
which the leader sequence and the HSA cDNA part are joined, 
was obtained. Between the leader sequence encoding the phoA 
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signal peptide and the part of the HSA cDNA joined in this 
way, the nucleotide sequence GGATCC was produced, as an 
adaptor sequence, and since the two amino acids Gly-Ser are 
encoded, the fused protein actually synthesized by these 
fused genes takes the structure of the phoA signal peptide - 
Gly-Ser-Metl23 to pro 303. 

In order to express the fused protein in coliform 
bacteria, the pAT-trp-phoA-HSA-A (Reference Examples 3 and 
4; Public Patent Application Bulletin No. 63-037453), which 
was used in the expression of the fused protein of phoA 
signal peptide-nonnal human serum albumin, was used. The 
pAT-trp-phoA-HSA-A was doubly digested by EcoR I and Hind 
III, and the larger of the fragments, which did not contain 
the phoA leader sequence-HSA cDNA part, was joined with the 
800 bp fragment obtained by the double digestion of the pUC- 
phoA-SAL II plasmid by EcoR I and Hind III, by means of T4 
DNA ligase, and the pAT-trp-phoA-SAL II plasmid was 
obtained. 

By introducing the pAT-trp-phoA-SAL II plasmid into the 
coliform bacterium HB101, using the character transformation 
method, the coliform bacterium HB101 ( pAT-trp-phoA-SAL II) 
was obtained. 

This coliform bacterium was entrusted to the 
Microbiology Industry Technology Institute of the Agency of 
Industrial Science and Technology, as Bikokenkinki No. 10308 
(FERM P-10308) . 
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Actual Example 4. Expression of fused protein 

The fused protein of colifonn bacteria alkaline 
phosphatase signal peptide and human serum albumin 
fragments, incorporating the pAT-trp-phoA-SAL II, was 
expressed as follows. 

Culturing 

A colifonn bacteria strain HB101 which had pAT-Trp- 
phoA-SAL II was cultured in 5 ml of Luria (LB) medium (1% 
Bactotryptone , 0.5 % yeast extract, 0.5% NaCl) containing 25 
pg/ml ampicillin, and culturing with agitation was performed 
at 37°C for 18 hours. 0.2 ml of this culture liquid was 
inoculated into 5 ml of M9-CA medium (0.6% Na 2 HP0 4 , 0.3% 
KH 2 P0 4 , 0.5% NaCl, 0.1% NH 4 C1, 0.1 mM CaCl 2 , 2 mM MgS0 4 , 
0.8% casamino acid) containing 25 pg/ml ampicillin, and 
culturing was performed for 30 minutes at 37 °C. After this, 
the inducing substance 3-0-indole acrylic acid (IAA) was 
added to make 20 pg/ml. Culturing with agitation was 
performed thereafter for 5-7 hours at 37 °C. 

Extraction of insoluble fraction 

The culture liquid which had been cultured in the 
above-described manner was centrifuged at 7000 rpm for 5 
minutes to collect the bacteria. The precipitated bacteria 
were resuspended in 20% sucrose, 25 mM Tris-HCl (pH 7.5), 10 
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mM EDTA, and 1 mM PMSF ( phenylmethylsulf onyl fluoride), and 
0.2 rag/ml egg white lysozyme was added. The outer membranes 
were consumed by letting this stand at 37 °C for 15 minutes, 
and the protoblas'ts (spheroblasts) were obtained. This 
suspension was transferred onto ice and cooled, after which 
it was centrifuged at 10,000 rpm for 10 minutes and the 
spheroblasts were precipitated. These spheroblasts were 
resuspended in a 20% sucrose solution [25 mM Tris-HCl (pH 
7.5), 10 mM EDTA], and then pulverized in an ice bath by 
means of a Polytron [phonetic; poritoron] homogenizer (dial 
value: 8)* The pulverized solution was centrifuged at 
15,000 rpm for 20 minutes, at 4°C, and a bacteria residue 
was obtained. This bacteria residue was resuspended in 25 mM 
Tris-HCl (pH 7,5), and the suspension was centrifuged at 
15,000 rpm for 20 minutes, at 4°C. This operation was 
performed once more, and the precipitate obtained was used 
as the insoluble fraction. 

SDS-polyacryl amide gel electrophoresis 

1) Analysis of bacteria total protein 

0.5 ml of culture solution was centrifuged at 7000 rpm 
for 5 minutes, and the bacteria were collected. The bacteria 
were floated in 10 yl SDS-sample solution [62.5 mM Tris-HCl 
(pH 6.8), 2% SDS, 10% sucrose, 5% 2-raercaptoethanol ] and 
treated at 100 °C for 5 minutes. The result was applied to an 
SDS-polyacrylamide gel [Laemmli's method: Nature (London) 
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277 f 680 ( 1970)], with a separation gel concentration of 
10%, and electrophoresis was performed. 

2) Analysis of insoluble fraction 

The residue was resuspended in 25 mM Tris-HCl (pH 7.5); 
part of this was taken and diluted with the SDS-sample 
solution. The insoluble protein was solubilized by treating 
at 100 °C for 5 minute, and gel electrophoresis was 
performed. 

3) Staining and destaining 

After the electrophoresis was completed, the gel was 
Immersed for 30 minutes to 1 hour in a staining solution 
(0.25% Coomasie Brilliant Blue, 45% ethanol, 10% acetic 
acid) and stained. The stained gel was transferred to a 
destaining apparatus (Bio-rad Co., Model 556) filled with 
destaining solution (5% methanol, 10% acetic acid) and 
destained. 

Western blot and immune cross reactions 

After the SDS-polyacrylamide gel electrophoresis was 
completed, the gel was removed from the glass plate. A 
nitrocellulose filter (Bio-Rad Co., Trans-blot < R ) ) cut to 
the gel size and 3 MM filter paper made by the Whatman Co. 
(2 sheets) were immersed in a blotting solution (0.3% Tris, 
1.44% glycine, 20% methanol). One filter paper sheet, the 
gel, the filter, and [the other] filter paper sheet were 
piled, in that order, on a Scotch pad previously soaked in 
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(Bio-rad Co.), and 16.7% methanol, and reaction was 
performed for 15 minutes. Next, the filter was left standing 
in water for 30 minutes. The material which cross-reacted 
with the anti-human albumin antibodies was stained a deep 
violet at a certain place (Fig. 4). The expressed product of 
this invention was observed at the position of molecular 
weight 21,000. 

Actual Example 5. Preparation of plasmid pUC-phoA-mHSA, 
containing a DNA sequence encoding a fused protein of 
colifonn bacteria alkaline phosphatase signal peptide and 
mini-BSA (Fig. 9) 

The pUC-phoA-HSA-A mentioned in Reference Example 3, 
containing a DNA sequence encoding a fused protein of 
coliform bacteria alkaline phosphatase signal peptide and 
mature human serum albumin A, was doubly digested with EcoR 
I and Msp I; the region from immediately before the 
methionine codon of the amine end of the signal peptide of 
the alkaline phosphatase to the codon of the 152nd position 
proline of the mature human serum albumin A (approximately 
500 bp) was cut out. On the other hand, the recombinant 
plasmid pUC-HSA-I', containing a DNA sequence in which, of 
the precursor prepro human serum albumin A, the mature human 
serum albumin A was encoded up to the proline of the 303rd 
position, but the codon of the 304th position serine (TCA) 
was replaced with an opal codon (TGA) , was doubly digested 
with Msp I and Xba I; a DNA fragment of approximately 510 
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bp f encoding from the 153rd position glutamic acid to the 
356th position threonine (however, since the translation 
stops with the 304th position opal codon, in reality the 
region up to the 303rd position proline was encoded), was 
obtained. These 2 DNA fragments were joined with the larger 
of the products of the double digestion of the plasmid 
vector pUC18 with EcoR I and Xba I (approximately 2660 bp), 
forming the recombinant plasmid pUC-phoA-mHSA, containing a 
DNA sequence encoding a fused protein (phoA-mHSA) composed 
of the signal peptide of coliform bacteria alkaline 
phosphatase and the region Aspl-Pro303 of mature human serum 
albumin A. 

Actual Example 6. Preparation of plasmid pAT-trp-phoA-mHSA, 
containing a DNA sequence for expressing the fused protein 
phoA-mHSA, composed of coliform bacteria alkaline 
phosphatase signal peptide and mini-HSA (Fig. 9) 

The aforementioned plasmid pUC-phoA-mHSA was doubly 
digested with EcoR I and Hind III, and the DNA sequence 
encoding the fused protein of coliform bacteria alkaline 
phosphatase signal peptide and mini-HSA was cut out. This 
was joined with the larger DNA fragment cut by double 
digestion with EcoR I and Hind III from the recombinant 
plasmid pAT-trp-phoA-HSA-A, used in the preparation of the 
fused protein of coliform bacteria alkaline phosphatase 
signal peptide and mature human serum albumin A. The 
recombinant plasmid pAT-trp-phoA-HSA-A' has a structure in 
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which a DNA sequence encoding coliform bacteria alkaline 
phosphatase signal peptide and mature human serum albumin A 
and its 3' side non-translation sequence are placed 
downstream from the EcoR I recognition site, which is 
downstream from the coliform bacteria tryptophan promoter, 
and the Hind III recognition site is located at the very 
end. Therefore, the larger of the DNA fragments obtained by 
double digestion using EcoR I and Hind III takes a form in 
which the DNA sequence encoding coliform bacteria alkaline 
phosphatase signal peptide and mature human serum albumin A 
is lacking; by joining this with the DNA sequence encoding 
the fused protein of coliform bacteria alkaline phosphatase 
signal peptide and raini-hSA, it was possible to construct 
the recombinant plasmid pAT-trp-phoA-mHSA, which has a 
structure in which the said fused protein could be expressed 
under the control of the coliform bacteria tryptophan 
promoter . 

The pAT-trp-phoA-mHSA plasmid was introduced by the 
characteristic transformation method into coliform bacterium 
HB101 and coliform bacterium HB101 ( pAT-trp-phoA-mHSA) was 
obtained. This bacterium was entrusted to the Microbiology 
Industry Technology Institute of the Agency of Industrial 
Science and Technology, as Bikokenkinki No. 10952 (FERM P- 
10952). 

Actual Example 7. Preparation of recombinant plasmid pDC- 
tHSA, containing the DNA encoding contracted HSA 
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The aforementioned recombinant plasmid pSAL II contains 
a DNA sequence which can encode [the region] of mature human 
serum albumin A from Metl23 to Pro303; the DNA fragment 
encoding Metl23-Alal51 (approximately 90 bp) was cut from it 
by double digestion with BamH I and Msp I . On the other 
hand, a double digestion of the aforementioned plasmid pUC- 
phoA-HSA-A was performed with Msp I and Hind III, and a 
fragment of approximately 1350 bp, encoding [the region] 
from Prol52 [to] Leu585, the carboxyl end of mature human 
serum albumin A, and containing its 3' side non-translation 
sequence, was obtained. These 2 fragments were joined with a 
DNA fragment of approximately 2660 bp, obtained by the 
double digestion of pUC18 with BamH I and Hind III, and a 
recombinant plasmid pUC-tHSA, containing a DNA sequence 
encoding Metl23-Leu585 (contracted HSA) , was constructed. 

Actual Example 8. Prepaxation of recombinant plasmid pAT- 
trp-tHSA, for expressing contracted HSA (Fig. 10) 

In order to express the contracted HSA ( Metl23-Leu585 ) 
directly, and not in the fused form, a coliform bacteria 
tryptophan promoter was used. Using the plasmid vector 
pAT153 as a foundation, the plasmid vector for expression 
pAT-trp, incorporating the promoter from the coliform 
bacteria tryptophan operon and the SD sequence of trpL, was 
cut at the Cla I recognition site, which is downstream from 
the sequence derived from the tryptophan operon, and ring- 
opening was performed. After this, a treatment was performed 
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with coliforra bacteria DNA polymerase I and the single-chain 
part of the end was buried by a nucleotide polymerization 
reaction. Next, cutting was performed with Sph I, and the 
larger of the DNA fragments was obtained. On the other hand, 
the recombinant plasmid pSAL II, containing a DNA sequence 
encoding the Met 123-Pro303 (SAL II) of mature human serum 
albumin A, was cut at the BamH I recognition site, 
immediately before the Metl23 codon, after which a 
nucleotide polymerization reaction was performed by using 
coliform bacteria DNA polymerase I, and the single-chain 
part of the end was buried. Next, cutting was performed with 
Sph I and the smaller of the DNA fragments, containing a DNA 
sequence encoding SAL II, was obtained. These 2 DNA 
fragments were joined to prepare a recombinant plasmid pAT- 
trp-SAL II, in which a DNA sequence encoding SAL II was 
placed downstream from the sequence derived from the 
coliform bacteria tryptophan operon. After this pAT-trp-SAL 
II was cut at the Sal I recognition site, located downstream 
from the SAL II DNA sequence, the single-chain DNA part was 
buried with coliform bacteria DNA polymerase I, and it was 
cut again at the site of the 5' end of the SAL II DNA by 
means of BamH I, cutting and removing the SAL II DNA. The 
larger of the DNA fragments obtained in this way was joined 
with a DNA fragment containing a DNA sequence encoding 
contracted HSA, obtained by cutting the pUC-tHSA plasmid 
with Hind III, burying the single-chain part with coliform 
bacteria DNA polymerase I, and cutting with BamH I; in this 
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way, the recombinant plasmid pAT-trp-tHSA for expressing 
contracted HSA was constructed. The pAT-trp-tHSA plasmid was 
introduced into coliform bacterium HB101 by the 
characteristic transformation method, and coliform bacterium 
HB101 (pAT-trp-tHSA) was obtained. This bacterium was 
entrusted to the Microbiology Industry Technology Institute 
of the Agency of Industrial Science and Technology, as 
Bikokenkinki No. 10950 (FERM P-10950) . 

Actual Example 9. Preparation of recombinant plasmid pAT- 
trp-phoA-tHSA, which expresses the fused protein phoA-tHSA, 
composed of coliform bacteria alkaline phosphatase signal 
peptide and contracted HSA (Fig. 11) 

The recombinant plasmid pAT-trp-phoA-SAL II for 
expressing the fused protein of coliform bacteria alkaline 
phosphatase signal peptide and SAL II was cut at the SAL I 
recognition site, downstream from the SAL II DNA sequence, 
and ring opening was performed, after which the end was 
treated with coliform bacteria DNA polymerase I and the 
single-chain part was buried. Next, it was cut at the BamH I 
recognition site which is in the spacer region between the 
DNA sequences coding the alkaline phosphatase signal peptide 
and SAL II, and a DNA fragment was obtained which contained 
a structure in which a DNA sequence encoding the alkaline 
phosphatase signal peptide was connected downstream from the 
DNA sequence derived from the tryptophan operon. On the 
other hand, after the pAT-trp-tHSA was cut with Hind III, a 
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treatment: with DNA polymerase I was performed, burying the 
single-chain part, and a DNA sequence encoding contracted 
HSA was cut out by cutting with BamH I. These 2 DNA 
fragments were connected and a recombinant plasmid pAT-trp- 
phoA-tHSA, which expresses the fused protein phoA-tHSA in a 
form in which the alkaline phosphatase signal peptide and 
contracted HSA are sandwiched by spacers composed of the 
dipeptide Gly-Ser encoded by the BamH I recognition sequence 
GGATTCC , was constructed. The pAT-trp-phoA-tHSA plasmid was 
introduced into the coliform bacterium HB101 by means of the 
characteristic transformation method, and the coliform 
bacterium HB101 (pAT-trp-phoA-tHSA) was obtained. This 
bacterium was entrusted to the Microbiology Industry 
Technology Institute of the Agency of Industrial Science and 
Technology, as Bikokenkinki No. 10951 (FERM P-1051 [sic;] ) . 

Actual Example 10. Expression of fused proteins composed of 
alkaline phosphatase signal peptide and mini-HSA or 
contracted HSA and the single contracted HSA molecule 

The fused proteins of coliform bacteria alkaline 
phosphatase signal peptide and human serum albumin fragments 
or contracted human serum albumin A alone, were expressed by 
means of pAT-trp-phoA-mHSA, pAT- trp-tHSA, or pAT- trp-phoA- 
tHSA as follows . 

Culturing 

Coliform bacteria strains HB101 which had pAT-trp-phoA- 
mHSA, pAT- trp-tHSA, or pAT-trp-phoA-tHSA were cultured in 5 
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ml of Luria (LB) medium (1% Bactotryptone, 0.5 % yeast 
extract, 0.5% NaCl) containing 25 yg/ml ampicillin, and 
culturing with agitation was performed at 37 °C for 18 hours. 
0.2 ml of this culture liquid was inoculated into 5 ml of 
M9-CA medium (0.6% Na 2 HP0 4 , 0.3% KH 2 P0 4 , 0.5% NaCl, 0.1% 
NH 4 C1 , 0.1 mM CaCl 2 , 2 mM MgS0 4 , 0.8% casamino acid) 
containing 25 pg/ml ampicillin, and culturing was performed 
for 30 minutes at 37 "C. After this, the inducing substance 
3-/3-indole acrylic acid (IAA) was added to make 20 pg/ml. 
Culturing with agitation was performed thereafter for 5-7 
hours at 37 °C. 

Extraction of insoluble fraction 

The culture liquid which had been cultured in the 
above-described manner was centrifuged at 7 000 rpra for 5 
minutes to collect the bacteria. The precipitated bacteria 
were resuspended in 20% sucrose, 25 mM Tris-HCl (pH 7.5), 10 
mM EDTA, and 1 mM PMSF ( phenylmethylsulf onyl fluoride), and 
0.2 mg/ml egg white lysozyme was added. The outer membranes 
were consumed by letting this stand at 37 °C for 15 minutes, 
and the protoblasts ( spheroblasts ) were obtained. This 
suspension was transferred onto ice and cooled, after which 
it was centrifuged at 10,000 rpm for 10 minutes and the 
spheroblasts were precipitated. These spheroblasts were 
resuspended in a 20% sucrose solution [25 mM Tris-HCl (pH 
7.5), 10 mM EDTA], and then pulverized in an ice bath by 
means of a Polytron homogenizer (dial value: 8). The 
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pulverized solution was centrifuged at 15,000 rpm for 20 
minutes, at 4°C, and a bacteria residue was obtained. This 
bacteria residue was resuspended in 25 mM Tris-HCl ( pH 7.5), 
and the suspension was centrifuged at 15,000 rpm for 20 
minutes, at 4°C. This operation was performed once more, and 
the precipitate obtained was used as the insoluble fraction. 

SDS-polyacryl amide gel electrophoresis 

1) Analysis of bacteria total protein 

0.5 ml culture solution was centrifuged at 7000 rpm for 
5 minutes, and the bacteria were collected. The bacteria 
were floated in 10 pi SDS-sample solution [62.5 mM Tris-HCl 
(pH 6.8), 2% SDS, 10% sucrose, 5% 2-mercaptoethanol ] and 
treated at 100 °C for 5 minutes. The result was applied to an 
SDS-polyacrylaniide gel [Laemmli's method: Nature (London) 
277 , 680 ( 1970)], with a separation gel concentration of 
10%, and electrophoresis was performed. 

2) Analysis of insoluble fraction 

The residue was resuspended in 25 mM Tris-HCl (pH 7.5); 
part of this was taken and diluted with the SDS-sample 
solution. The insoluble protein was solubilized by treating 
at 100°C for 5 minutes, and gel electrophoresis was 
performed . 

3) Staining and destaining 

After the electrophoresis was completed, the gel was 
immersed for 30 minutes to 1 hour in a staining solution 



39 



(0-25% Coomasie Brilliant Blue, 45% ethanol, 10% acetic 
acid) and stained. The stained gel was transferred to a 
destaining apparatus (Bio-rad Co., Model 556) filled with 
destaining solution (5% methanol, 10% acetic acid) and 
destained. 



Western blot and immune cross reactions 

After the SDS-polyacrylamide gel electrophoresis was 
completed, the gel was removed from the glass plate. A 
nitrocellulose filter (Bio-Rad Co., Trans-blot < R > ) cut to 
the gel size and 3 MM filter paper made by the Whatman Co. 
(2 sheets) were immersed in a blotting solution (0.3% Tris, 
1.44% glycine, 20% methanol). One filter paper sheet, the 
gel, the filter, and [the other] filter paper sheet were 
piled, in that order, on a Scotch pad previously soaked in 
the blotting solution, and another Scotch pad was placed on 
top; this was set in a blotting apparatus (Tefco Co., Model 
TC-808). The apparatus was filled with blotting solution and 
electrophoresis was performed at 200 mA for 1 hour. 

After the electrophoresis was completed, the filter was 
removed from the gel and a treatment was performed for 10 
minutes with TBS solution (25 itiM Tris-HCl (pH 7.5), 0.5 M 
NaCl]. After a treatment was performed for 30 minutes with 
TBS solution containing 3% gelatin, the filter was 
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transferred to TBS solution containing 0.025% Tween-20 
(abbreviated below as " TTBS solution"), and a treatment was 
performed for 5 minutes, after which the same operations 
were repeated. The IgG fraction of anti-human albumin rabbit 
serum (Cappel Co.) was diluted 2000-fold with TTBS solution 
containing 1% gelatin, the filter was transferred to this 
solution, and a treatment was performed for 2-18 hours. 
Next, the filter was transferred to TTBS solution and 
treated for 5 minutes. This operation was repeated 2 more 
times. The filter was transferred to a solution of goat 
anti-rabbit IgG antibodies conjugated to horseradish- 
peroxidase (Bio-rad Co.), diluted 3000-fold with TTBS 
solution containing 1% gelatin, and a treatment was 
performed for 2 hours. After this treatment, the filter was 
washed twice with TTBS solution and once with TBS solution 
(5 minutes each time). The filter was transferred to a TBS 
solution containing 0.015% H 2 0 2 , 0.05% HRP chromogen reagent 
(Bio-rad Co.), and 16.7% methanol, and reaction was 
performed for 15 minutes. Next, the filter was left standing 
in water for 30 minutes. The material which cross-reacted 
with the anti-human albumin antibodies was stained a deep 
violet at certain places (Fig. 12). The expressed products 
of cross reactions of phoA-mHSA, contracted HSA, and phoA- 
tHSA with the corresponding anti-human serum albumin 
antibodies were observed at the positions of approximate 
molecular weights 37,000, 49,000, and 51,000, respectively. 



41 



Reference Example 1. Screening of clones containing normal 
human serum albumin A cDNA 

For the sake of screening clones containing normal 
human serum albumin A cDNA by plaque hybridization, a human 
liver cDNA library made by using lambda gtll of the U.S. 
Clontech Co. as the vector was used. The lambda gtll 
recombinant phages were inoculated, using coliform bacterium 
Y1090 as the host, and a total of 5.5 x 10 5 character- 
transformed plaques were formed on an LB agar-agar medium 
(Luria medium + 1.5% agar-agar). After the recombinant DNA 
was transferred to a membrane filter (Amersham Co. Hybond- 
N), the screening was performed by using 3 kinds of 
synthetic oligonucleotides labelled with 32 P radioactive 
isotope (specific activities >10 7 cpm/pg) as probes [Benton 
and Davis, Science H£, 180-182 (1977)]. These 3 probes are 
the same sequences, respectively, as, among the human serum 
albumin cDNA sequences reported by Lawn et al . [Nucleic 
Acids Res, 2, 6103-6114 (1981)], the one containing the 5' 
non-translation region (the part from 12 nucleotides 
upstream from the ATG codon of the translation start to the 
nucleotide before the ATG codon) and the translation region 
(the methionine codon of the amine end, i.e., the part 
encoding the 9th amino acid leucine from the ATG) (HSA-1); 
the one encoding the 260th leucine from the 248th glycine 
(HSA-2); and the one containing the part which encodes the 
carboxyl end 585th leucine from the 576th valine and the 3' 
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non-translation region composed of the following 6 
nucleotides (HSA-3). The base sequences of these probes are 
shown in Fig. 5- The synthesis of these probes was 
performed by using an automatic DNA synthesizer; the 
labelling was performed by using [y- 32 P] ATP and 
polynucleotide kinase. Among the 200 lambda gtll clones 
which gave positive signals with HSA-2, DNA was prepared 
from 4 clones [Blatther et al . , Science 702 f 1279-1284 
(1978)]; this was digested with EcoR I enzyme, and the 
Southern blot of the digested material was hybridized with 
the HSA-2 probe [Southern, E . , J. Mol . Biol. 503-517 
(1975)]. The hybridized fragments were obtained from 3 
clones; their lengths were 1.8 kb, 1.4 kb, and 1.3 kb. 
Among these, the fragments with the lengths of 1 . 8 kb and 
1.3 kb were sub-cloned with the pUC19 vector. These 
subclones were screened by colony hybridization [Grunstein 
and Hogness, Proc. Natl. Acad. Sci. USA 22, 3961-3965 
(1975)], using HSA-1. and HSA-3, respectively, as probes . As 
a result, a clone lambda gtll (HSA I-A) which hybridized 
only with HSA-3 was obtained. Various DNA fragments of this 
clone were transferred to the vectors for determining base 
sequences M13mpl8 and mpl9 RF-DNA, and the base sequences 
were determined by the stain deoxynucleotide termination 
method [Sanger, F., Nicklen, S., and Coulson, A. R. , Proc 
Natl. Acad. Sci. USA 21, 5463-5467 (1977)]. On the other 
hand, with 20 of the clones which gave positive signals in 
the plaque hybridization of the lambda gtll clones performed 
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by using HSA-2 as the probe, plaque hybridization was 
performed again using HSA-1 as the probe , and one clone 
lambda gtll (HSA-II) which gave a positive signal was 
obtained. Phage DNA was prepared from this, and the EcoR I- 
digested material was Southern-hybridized using HSA-1 as the 
probe; the 1.25 kb fragment (HSA-II) was confirmed to 
hybridize with the probe. The base sequence of this fragment 
was determined by the stain deoxynucleotide termination 
method. HSA-II did not hybridize with the HSA-3 probe. As a 
result, it was found that HSA-II lacked the part which 
encodes the carboxyl end side, HSA-I-A lacks the part which 
encodes the amine end side of human serum albumin, and the 
codon which encodes the 304th serine (TCA) was changed to 
the opal codon TGA of the translation termination codon. 
Fig. 6 shows the limiting enzyme maps of these two DNA 
fragments • The accurate positions of the amino acid, 
recognition sites were obtained from the final base 
sequence. 

Reference Example 2, Preparation of plasmid pDC-phoA 

The plasmid pUC-phoA, containing chemically-synthesized 
DNA which encodes the signal peptide of coliform bacteria 
alkaline phosphatase, was prepared in the following manner. 

A DNA fragment containing the following base sequence, 
which encodes the signal peptide of coliform bacteria 
alkaline phosphatase, was constructed from chemically- 
synthesized fragments . 



EcoR I 30 

A A TTC ATC AM CAA ACC ACT ATT CCA CTC 

C T AC TTT CTT TCC TCA T A A CC7 C*C 

net L,i Cln Ser Thr lie A 1 a leu 

50 

CCA CTC TTI CCC TT A CTC TTT ACC CCT CTC 
CCT CAC A A T CCC A A T CAC AAA TCC CCA C V C 
Ala Leu Leu Pro Leu Leu ?he T f> r Pro i a I 

Hit, \ 

A C A AAA CCC CCC C 

TCT TTT CCC CCC C TT A A 

Thr lyz Ala 

Hpa Q ScoR. I 

The EcoR I recognition sequences at both ends were 
prepared in order to perform an insertion into the EcoR I 
site of the PUC plasraid; the Hpa II recognition sequence 
was prepared in order to fuse the HSA-A mature gene 
afterward; and the Nae I recognition sequence was prepared 
so that [the DNA fragment] would be cut directly after the 
codon encoding the last amino acid (21st alanine) 
constituting the signal peptide and leave smooth ends, and 
this could be fused directly with the DNA sequence encoding 
the mature protein. Two DNA chains composed of 72 
nucleotides were synthesized by using an automatic DNA 
synthesizer (Applied Biosystems Model 380B) , applying the 
phospKoamidite method described in Matteucci, M. D. and 
Caruthers, M. H. , Tetrahedron Letters 21, 719 (1980). 
Quantities (21 pmoles) of each of the synthesized DNA chains 
were treated at 37°C for 60 minutes in, e.g., solutions (50 
yl) containing 50 mM Tris-HCl (pH 7.6), 10 mM MgCl 2 / 5 mM 
dithiothreitol , and 0 . 2 mM ATP, in the presence of 6 units 
of T4 polynucleotide kinase (Takara Shuzo Co.), to perform 
phosphorylation of the 5' ends. 
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The solutions containing the aforementioned 2 
phosphorylated DNA chains were mixed (total 100 pi) and put 
into a 100 °C water bath; next, the resulting material was 
allowed to cool to room temperature, so that annealing was 
performed. To increase the probability that, when the 
annealed double-chain phosphorylated DNA was incorporated 
into the pUC 19 plasmid, a recombinant plasmid would be 
obtained in which the said DNA would be incorporated, the 
pUC 19 plasmid which was the vector was cut with EcoR I, 
after which the phosphate group of the 5' end. was removed; 
in this way, the probability that relinking would occur by 
the DNA ligase treatment could be reduced to a minimum. By 
performing a treatment at 37 g C for 60 minutes on 20 pi of a 
solution [50 mM NaCl, 100 mM Tris-HCl (pH 7.5), 7 mM MgCl 2 , 
8 units EcoR I (Nippon Gene Co.)] containing 1 pg pUC 19 
DNA, a straight-chain vector DNA was obtained. This reaction 
solution was treated at 90 °C for 5 minutes to deactivate the 
restriction enzyme, after which 38 pi H 2 0 and 1 unit 
bacterial alkaline phosphatase (Takara Shuzo Co.) were added 
to make a total of 60 pi, and a treatment was performed at 
37 °C for 60 minutes. This solution was treated with phenol 
and the water phase obtained was submitted to ethanol 
precipitation. The ethanol precipitate was freeze-dried and 
used in the following reaction. 

The dephosphorylated pUC 19 vector (30 ng) and the 
phosphorylated double-chain DNA encoding the signal peptide 



(10 ng) were treated at 15 °C for 4 hours in a total of 30 pi 
of a reaction solution [66 iuM Tris-HCl ( pH 7.6), 6,6 mM 
MgCl 2 / 10 mM dithiothreitol , 1 mM ATP] containing 2.8 units 
of T4 DNA ligase (Takara Shuzo Co.), and a recombinant 
plasmid was obtained. Ten pi of this reaction solution* were 
used for transforming the characteristics of the host 
bacterium, the coliform bacterium TB-1 strain. 

The sensitive coliform bacteria cells used in the 
characteristic transformation can be prepared by, for 
example, the calcium chloride method [Mandel, M. and Higa, 
A., J. Mol. Biol._52, 159-162 (1970)]. Specifically, an 
overnight culture solution of coliform bacteria (e.g., the 
TB-1 strain) [in an agar-agar medium, e.g., Luria (LB) 
medium] was diluted 100-fold with the same medium, and 
culturing with agitation was performed at 37 °C until the OD 
600 became 0.6, 1.5 /il were centrifuged at 5000 rpm for 5 
minutes, and the bacteria wer.e collected. These were 
suspended in 750 pi of 50 mM CaCl 2 , and after leaving this 
on ice for 20 minutes, the bacteria were collected by 
centrifuging. The precipitate obtained was resuspended in 
100 pi of 50 mM CaCl 2 , and the aforementioned DNA ligase 
reaction solution was added; the resulting material (25 
pg/ral) was left on ice for 40 minutes. After the temperature 
was held at 42 °C for 1 minute, 1 ml LB medium was added and 
the temperature was held at 37 °C for 30 minutes. 0.1 ml of 
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the result was applied to an X-Gal agar-agar medium (155 mg 
5-brorao-4-chloro-3-indolyl-/3-D-galactoside, 10 g tryptone, 
8 g NaCl, and 12 g Difco agar-agar dissolved in 1 1 water; 
pH adjusted to 7,4) containing ampicillin, and the 
temperature was held at 37 °C overnight. From the colonies 
produced, the colonies which showed a white color were 
selected, transferred to a new agar-agar medium, and the . 
temperature was held overnight. The bacteria were taken from 
this agar-agar medium with a platinum spatula, transferred 
to an LB medium, and an overnight cultured liquid was 
prepared. 1.5 ml of this overnight cultured liquid were 
centrifuged and the bacteria were collected; the mini- 
preparation of the plasmid DNA was performed by the usual 
method (Maniatis et al., Molecular Cloning: A Laboratory 
Manual, 19 82). The plasmid DNA obtained was cut with a 
suitable restriction enzyme (e.g., one which cuts the 
recognition sequence contained in the synthetic DNA sequence 
inserted, such as EcoR I, Nae I, Hpa II, etc., or one which 
cuts the recognition sequence present in the pUC 19 vector, 
e.g., Pvu I, Bgl I, Ssp I, etc., or a combination of these). 
The length of the inserted DNA was checked by agarose and 
polyacrylamide gel electrophoresis, and the recombinant 
plasmid containing the suitable inserted DNA was identified. 
The DNA plasmid containing this inserted DNA was again put 
into M13mp phase DNA, the nucleotide sequence was determined 
by the dideoxy method [Sanger, F., Nicklen, S. and Corlson, 
A. R. , Proc. Natl. Acad. Sci. U.S.A., 74, 5463-1564 
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(1977)], and finally, the target pUC-phoA plasmid was 
identified . 

Reference Example 3. Preparation of plasmid pOC-phoA-HSA-A 
(Figs. 7-1, 7-2) 

The plasmid pUC-phoA-HSA-A, containing DNA which 
encodes a fused protein composed of the signal peptide of 
coliform bacterial alkaline phosphatase (phoA) and normal 
human serum albumin A, was prepared as follows. 

A fragment produced from clone lambda gtll (HSA-II), 
containing HSA cDNA obtained from a human liver cDNA 
library, by digestion by EcoR I and Xba I, was prepared; 
this fragment was joined with the larger of the fragments 
obtained by double digestion of the pUC19 plasmid by EcoR I 
and Xba I, using T4 DNA ligase, and the recombinant plasmid 
pUC-HSA-EX was constructed. 

The smaller of the fragments produced from this plasmid 
by double digestion by Aha III and Sal I was prepared. This 
fragment encodes [the part] from the 12th Lys to the 356th 
Thr of the mature normal human serum albumin A protein. In 
order to construct the genes which encode the mature normal 
human serum albumin A protein from the amine end, the DNA 
sequence corresponding to the 5' end was made by annealing 2 
chemically-synthesized fragments. This synthetic DNA 
sequence has the adhesion end sequence CG produced by 
cutting with the Hpa II and Cla I enzymes on the 5' end 
side, so that it can fuse with the DNA sequence which 
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encodes the signal peptide of alkaline phosphatase, and it 
has the sequence which encodes [the part] from the first, 
amino acid Asp to the 11th amino acid Phe of mature normal 
human serum albumin A. T4 polynucleotide kinase was caused 
to act on this annealed DNA sequence to phosphorylate the 5 ' 
end, and this was mixed with the product of double digestion 
by Aha II I /Sal I, produced from pUC-HSA-EX, Furthermore, 
this was mixed with the larger of the fragments produced by 
double digestion by Cla I/Sal I of pAT153 (made by Amersham 
Co.; Twigg, A* J. and Sherratt, D., Nature 2fLl, 216-218, 
1980), a typical multi-copy cloning vector of colifonn 
bacteria; these 3 [fragments] were joined by T4 DNA ligase, 
and the recombinant plasmid pAT-HSA-CX was obtained. On this 
plasmid, the DNA sequence encoding (the part] of the normal 
human serum albumin A from the first amino acid Asp to the 
11th amino acid Phe was connected. The pAT-HSA-CX was 
double-digested by EcoR I/Xba I, and the smaller fragment, 
containing the DNA sequence which encodes [the part] of the 
normal human serum albumin A from Aspl to Phe356 was 
obtained. 

On the other hand, as for the cDNA which encodes the 
carboxyl end side of the HSA-A, an EcoR I fragment [into 
which a] foreign cDNA sequence from the clone lambda gtll 
(HSA I-A), obtained from the human liver cDNA library, was 
inserted was prepared, and it was cloned in the recombinant 
plasmid pUC-HSA-l H by inserting [it] at the EcoR I site of 
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the pUC18 plasmid. In this way, [the part] of HSA-A from the 
358th amino acid Leu to the 585th amino acid Leu of the 
carboxyl end was encoded; furthermore, a double digestion 
product by Xba i/Hind III, containing 62 nucleotides of the 
non-translation region of the 3' side, was prepared. This 
was mixed with the larger of the fragments of the double 
digestion product of EcoR I/Xba I obtained from pAT-HSA-CX 
and the double digestion product of EcoR I/Hind III of 
pUC18; a linking reaction was performed by T4 DNA ligase, 
and the recombinant plasmid pUC-HSA-CH, containing all of 
the cDNA of the mature normal human serum albumin A, was 
obtained* 

Figs. 8-1 to 8-3 show the cDNA base sequences which 
encode all the amino acid sequences of mature normal human 
serum albumin A and the corresponding amino acid sequences. 

In order to join the cDNA of the mature normal human 
serum albumin A with the DNA sequence encoding the phoA 
signal peptide, the pUC-HSA-CH was cut with EcoR I/Cla I and 
the larger of the fragments produced was obtained. Using T4 
DNA ligase, this was joined with the smaller of the 
fragments obtained by the double digestion of pUC-phoA by 
EcoR I/Msp I (cutting the same recognition sequence as Hpa 
II). The plasmid pUC-phoA-HSA-A constructed in this way 
contained a DNA sequence encoding a fused protein consisting 
of phoA signal peptide (consisting of 21 amino acids) and 
mature normal human serum albumin A; it was inserted in 
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coliform bacterium HB101 strain and cloned by the normal 
characteristic transformation method. 

Reference Example 4. Prepaxation of plasmid pAT-trp-phoA- 
HSA-A 

The expression plasmid pAT-phoA-HSA-A of normal human 
serum albumin A was constructed as follows. Using a vector 
containing trp promoter and the SD sequence of trpL, the 
expression vector of phoA-HSA-AcDNA was prepared. Such a 
vector is, for example, ph-TNF ( Ikehara et al., Chera. Pharm. 
Bulletin, in press) . This has the trp promoter and the SD 
sequence of trpL introduced into the pBR322 vector. When the 
number of copies of the recombinant plasmid is increased and 
a gene quantity effect is expected, a recombinant plasmid 
may be used which has for its basis pAT153 [Amersham; 
Twigg, A. J. and Sherratt, D. Nature, 283 . 216-218 (1980)], 
which was prepared by removing the copy prevention sequence 
of pBR322. For example, this purpose can be accomplished by 
fusing the Pst I/Cla I double digestion product which 
contains the trp promoter/ trpL SD sequence on ph-TNF with 
the larger of the fragments produced by the double digestion 
of pAT153 by the same combination of enzymes. The pAT-trp 
vector produced in this way was cut at the Cla I recognition 
site, one place downstream from the SD sequence, and the 
single-chain part of the adhesion end produced was buried by 
causing coliform bacteria DNA polymerase I to act, on it; 
the straight-chain DNA produced was digested with Sal I. The 
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larger of the fragments obtained was used in the junction 
with phoA-HSA-AcDNA. 

On the other hand, the smaller of the fragments 
produced by the double digestion of pUC-phoA-HSA-A by EcoR 
I /Hind III (containing the phoA-HSA-AcDNA sequence) was 
joined with the larger of the fragments produced by double 
digestion of pAT153 with EcoR I/Hind III # obtaining the 
.recombinant plasmid pAT-phoA-HSA. After this was digested 
with EcoR I f making a straight-chain DNA, it was acted on by 
coliform bacteria DNA polymerase I to bury the single-chain 
part of the end. After this, it was cut with Sal I and the 
smaller of the fragments was recovered as the part 
containing the phoA-HSA-A c DNA • This fragment was joined 
with the previously-mentioned fragment from the pAT-trp 
vector, obtaining the recombinant plasmid pAT-trp-phoA-HSA- 
A. 

This recombinant plasmid was introduced into the 
coliform bacteria strains HB101 and C600, and the 
characteristic transformation products E . coli HB101 (pAT- 
trp-phoA-HSA-A) and C600 (pAT-trp-phoA-HSA-A) were obtained. 

The coliform bacterium C600 ( pAT-trp-phoA-HSA-A) , 
containing the recombinant plasmid pAT-trp-phoA-HSA-A which 
contains cDNA encoding the normal human -serum albumin A, of 
this invention, was entrusted to the Microbiology Industry 
Technology Institute of the Agency of Industrial Science and 
Technology, as Bikokenkinki No. 9874 (FERM P-9874). 
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4. Simple Explanation of Figures: 

Fig, 1 shows the base sequence of the synthetic DNA 
encoding [the sequence] from Met (123) to Ala (151) in the DNA 
encoding the human serum albumin fragment of this invention, 
and the corresponding amino acid sequence. 

Fig, 2 shows the process of making the plasmids pUC- 
HSA-I and pSAL II from the cDNA clone lambda gtll (HSA-I). 

Fig. 3 shows the process of making the expression 
plasmid pAT-trp-phoA-SAL II of this invention. 

Fig. 4 is an electrophoresis diagram of the expression 
product from the plasmid pAT-trp-phoA-SAL II; it shows a 
protein which reacted with the anti-human serum albumin 
antibodies . 

Fig. 5 shows the base sequences of 3 probes used in 
screening the cDNA. 

Fig. 6 shows the cDNA (HSA cDNA) which encodes all of 
the normal human serum albumin A, as the starting material 
of the plasmid of this invention, and a limiting enzyme map 
of the cDNA (HSA-IA) which encodes the 3' end side and the 
cDNA (HSA-II) which encodes the 5' end side, used to produce 
this cDNA. 

Figs. 7-1 and 7-2 show the processes of producing 
various intermediate plasmids for producing the plasmid of 
this invention. 
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Figs. 8-1 to 8-3 show base sequences of the cDNA 
encoding all of the normal human serum albumin A of this 
invention. In the figures, the sequence within [ ], from 
amino acid 152 to amino acid 303, shows the amino acid 
sequence of the C-end side of the human serum albumin 
protein fragment of this invention and the base sequence 
encoding it . 

Fig. 9 shows the process of producing the plasmids pUC- 
phoA-mHSA and pAT-trp-phoA-raHSA. 

Fig. 10 shows the process of producing the plasmids 
pUC-tHSA and pAT-trp-tHSA. 

Fig. 11 shows the process of producing the plasmid pAT- 
trp-phoA-tHSA. 

Fig. 12 is an SDS-polyacrylamide gel electrophoresis 
diagram of the expression products of the plasmid pAT-trp- 
phoA-mHSA (lane 4), pAT-trp-tHSA (lane 2), and pAT-trp-phoA- 
tHSA (lane 3); the protein bands were stained with Cooraasie 
Brilliant Blue. Lane 1 represents the size markers: 
phosphorylase B (molecular weight 94,000), bovine serum 
albumin (molecular weight 67,000), ovalbumin (molecular 
weight 43,000), carboxylic acid dehydrogenase (molecular 
weight 30,000), soybean trypsin inhibitor (molecular weight 
20,000), and lactoalbumin (molecular weight 14,400). The 
arrows indicate the various expression products. 
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Fig, 13 is a Western blot diagram of the expression 
products from pAT-trp-mHSA (lane 1), pAT-trp-tHSA (lane 3), 
and pAT-trp-phoA-tHSA (lane 2); it shows the proteins which 
reacted with the , anti-human serum albumin antibodies. 



Fig. 1 
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Fig. 1 



t*m Ml 

CA ICC ATC TCC ACC CCT TTC CAC CAC 
C TAC ACC TCC CCA AAC CTC CTC 

h«c Cyi Tr»r Alt fh« hh x.p 

(1331 



AAC CAA CAA ACC TTC CTC AAA AAA 
TTC CTT CTT TCC AAC CAC TTT TTT 
A«n CU Clu Thr Ph« L«u Lr« Lya 



TAC CTC TAC CAA ATC CCT CCT CCT CAC 
ATC CAC ATC CTT TAC CCA CCA CCA CTC 
Tyr L*u Tyr Clu Urn Al* Arq Arq Bit 



Hp* II 

CCC TAC TTC TAC CCT QCC C 

CCC ATC AAC ATC CCA CCC~| CTT CAC CAC AAC AAC C 
fro Tyr fh« Tyr Al* Pro|ciu L*u L«u Ph« 9hm At* 
(1511 
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BomHl 
2 . M ft * m 



xgtn (HSA-IA) 

AhoflLXbol 



EcoRl 



4. 




EcoRl 



Bom Hl x ^ ol p st | 




Aholl! \ HSA-IA 



Hpoll 



Key to Fig. 2 

1. Synthetic fragment encoding Met( 123)-Ala( 151) 

2 . Junction end 

3. Site 

4. (Human chromosomal DNA part) 

5 . Fragment 

6. Multi-cloning site 

7 . Joining 

8 . Ligase 

9. Coliform bacteria TB-1 characteristic transformation 

10. Coliform bacteria alkaline phosphatase treatment 
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Fig. 3 



BorrHl 



Pstl 



Hpo! 
EccPJ [focPI 



EcoFfl 





BamHI 
pofl 
Kind DI 



<BamHl)-Hlnc«i"n<750bp) 1. EcoRI-<Hpo!l>« M69bp> 1. 
l_ - 



trp EcoRl 




EcoRI 



* n cm j - 



HboU Xba! 
BarnHf 



IEodRI 
HiixIQI 




KirdlU 



. PUC19 



/ AAA GCJCGjG A 1 CC A T G 
\Lys AtoGtyS*rMet 

phoA-SALlia»«©cn5. 



HindB 



EcoR|-Wndlll**K 2 . EcoRJ-HinalUiiMfiOObp) 1 , 

J 




Key to Fig. 3 

1. Fragment 

2 . Large fragment 

3. Joining, characteristic transformation 

4. Signal 

5. Sequence of phoA-SAL II junction part 
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Fig. 4 
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68 — 






66 — 






30 — 






20 — 












16. L — 







HSA -1 5' -AAGGG A A AT aaaGGT TaCCCaCTTCat TGTGCCaaagGC - 1 
2.(1 2?^t,^^K) 



HSA -2 5'-AAGGTCCGCCCTGTCATCAGCACATTCAAGC AGATCTCC - 3 
Gly248-Leu260cma?fcaat 3. 



H SA -3 5'-T AGATGT TAT AAGCCT AAGGC AGCT T G AC T T GC AGC A AC - 3' 
Val576~Leu585~y#nRsa»c:*§s7fi>taat 4 . 



Fig. 5 

Key to Fig. 5 

1. Region corresponding to 5 ' -non-translation region-Metl- 
Leu9 

2. (12 nucleotides) 

3. Region corresponding to Gly2 4 8-Leu260 

4. Region corresponding to Val57 6-Leu585-3 ' non-translation 
region 

5. (6 nucleotides) 
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Fig. 6 
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Hind III 
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TGA 
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xgtu. 



HSA-IA 



HSA-ll 



EooRi ^ tU 



Key to Fig. 6 

1. Base pairs 

2 . Prepro leader sequence 

3. Mature HSA coding region 



Fig. 7-1 
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Ahotfl hpotl Bgill xbal 



Pstl 



Agin EcoRI 



Bgill xbal J? 
-4 if | 



mSa-h 

EcoRI Agi-U ecoRUcol Sail 



EcoRI * xdoI 



EcoRI 
Xbal 




EcoRI 



AJ^oHl 



HpaU 




EcoRI, 



Aha III 'Sail 



* aONAUspi -Pneii c««> \ m 

S'*|CGATGCACACAAGAGTGAGGn0CTCATCGGTTT-3' 

rHTACGTGTGTTCTCACTCCAACGAGTAGCCAAA-S* 



xgm (H5A -IA) 
EcoRJ 




PUC18 



PUC19 



*bol * Mindltl 
<«2-28M 2 . 



Key to Fig. 7-1 

1. Synthetic DNA (corresponding to Aspl-Phell) 

2. (To Fig, 2-2) [apparently misprint for " 7-2 " -Trans^] 
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Fig, 7-2 

(R2-I S^'JJl m 
Mspl I 




Key to Fig. 7-2 

1. (From Fig. 2-1) [apparently misprint for "7-1 "-Trans . ] 

2. Coliforra bacteria DNA polymerase I treatment 

3 . Fragment 

4 . Promoter 



62 



Asp Ala His Lys Ser Clu Val Ala His Arg Phe Lys Asp Leu Cly Glu Clu asn Phe Lys Ala Leu Val Leu lie 
CAT CCA CAC AAC ACT CAC CTT CCT CAT CCC TTT AAA CAT TTC CCA CAA CAA AAT TTC AAA CCC TTC CTC TTC ATT 

50 

Ala Phe Ala Cln Tyr Leu Cln Cln Cys Pro Phe Clu Asp His Val Lys Leu Val Asn Clu Val Thr Clu Phe Ala 
CCC TTT CCT CAC TAT CTT CAC CAC TCT CCA TTT CAA CAT CAT CTA AAA TTA CTC AAT CAA CTA ACT CAA TTT CCA 



Lys Thr Cys Val Ala Aap Clu Ser Ala Clu Asn Cys Asp Lys Ser Leu His Thr Leu Phe Cly Asp Lys Leu Cys 
AAA ACA TCT CTT CCT CAT CAC TCA CCT CAA AAT TCT CAC AAA TCA CTT CAT ACC CTT TTT CCA CAC AAA TTA TCC 

100 

Thr Val Ala Thr Leu Arg Clu Thr Tyr Cly Clu Met Ala Asp Cys Cys Ala Lys Cln Clu Pro Clu Arg Asn Clu 
ACA CTT CCA ACT CTT CCT CAA ACC TAT CCT CAA ATC CCT CAC TCC TCT CCA AAA CAA CAA CCT CAC ACA AAT CAA 



Cya Phe Leu Cln Hla Lya Aap Aap Asn Pro Asn Leu Pro Arg Leu Val Arg Pro Clu Val Asp Val Met Cys Thr 
TCC TTC TTC CAA CAC AAA CAT CAC AAC CCA AAC CTC CCC CCA TTC CTG ACA CCA CAC CTT CAT CTC ATC TCC ACT 

150 

Al* Phe His Aap Asn Clu Clu Thr Phe Leu Lya Lys Tyr Leu Tyr Clu lie Ala Arg Arg His Pro Tyr Phe Tyr 
CCT TTT CAT CAC AAT CAA CAC ACA TTT TTC AAA AAA TAC TTA TAT CAA ATT CCC ACA ACA CAT CCT TAC TTT TAT 



Ala Pro Clu Leu Leu Phe Phe Ala Lys Arg Tyr Lys Ala Ala Phe Thr Clu Cys Cys Cln Ala Ala Asp Lys Ala 
CCC CCC CAA CTC CTT TTC TTT CCT AAA ACG TAT AAA CCT CCT TTT ACA CAA TCT TCC CAA CCT CCT CAT AAA CCT 

200 

Ala Cys Leu Leu Pro Lya L«u Asp Clu Leu Arg Asp Glu Cly Lys Ala Ser Ser Ala Lys Cln Arg Leu Lys Cys 
CCC TCC CTC TTC CCA AAC CTC CAT CAA CTT CCC CAT CAA CCC AAG CCT TCC TCT CCC AAA CAC ACA CTC AAC TCT 



8-1 
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8-2 



CCC ACT CTC til Hi m eel %1 ic2 rr? ^ L/S AU TfP M * V *' Al * Af * LcU S " C1 " Ar ? Ph « p ™ ^> 
CCC ACT CTC CAA AAA TTT CCA CAA ACA CCT TTC AAA CCA TCC CCA CTA CCT CCC CTC ACC CAC ACA TTT CCC AAA 



CAC ACA TTT CCC AAA 

rrr rlr SS? ?i? Si? 5^ !25 Ll " L ' U Val Thr As P Leu Thr Lya V * 1 Hi * Cys Cys His Cly Asp Leu 

CCT CAC TTT CCA CAA CTT TCC AAG TTA CTC ACA CAT CTT ACC AAA CTC CAC ACC CAA TCC TCC CAT cd CAT CTC 

Leu Clu Cyi Ala Asp Asp Arg Ala Asp Leo Ala Lys Tyr lie Cys Clu Asn cin Asp Ser He Ser Ser Lvs Leu 

CTT CAA TCT CCT CAT CAC ACC CCC CAC CTT CCC AAG TAT ATC TCT CAA AAT CAA CA? TCC ATC TCC ACT AAA CTC 

AaS CaJJ TCC TCT til £r ? 1U Ly * Hi9 Cy$ Ile A1 * ClU V * 1 Glu A " As P Clu M « To "2 

AAC CAA TCC TCT CAA AAA CCT CTC TTC CAA AAA TCC CAC TCC ATT CCC CAA CTC CAA AAT CAT CAC ATC CCT CCT 

CA? TtS CCT Tci TTA CCT £ii rll ^ r« S' U *" Ly * A * P V * 1 CyS Ly * Tyr Al * Glu Al * Lys Asp Val 

CAC TTC CCT TCA TTA CCT CCT CAT TTT CTT CAA ACT AAC CAT CTT TCC AAA AAC TAT CCT CAC CCA AAC CAT CTC 

~r SiX ?J5 S£? 122 I Yr Clu Tvr A1 * Ar< * Arq His Pro Asp Tyr Ser val Val Leu Leu Leu Arc Leu Ala 

TTC CTC CCC ATC TTT TTC TAT CAA TAT CCA ACA ACC CAT CCT CAT TAC TCT CTC CTC CTC CTC CXC ACA m CCC 

o 

Ly. Thr Tyr Clu Thr Thr Leu Clu Ly. Cys Cys Ala Ala Ala Asp Pro His Clu Cys Tyr Ala Lvs va 1 Ph* a«» 

AAC ACA TAT CAA ACC ACT CTA CAC AAC TCC TCT CCC CCT CCA CAT CCT CAT CAA TCC TAT CCC AAA CTC TTC CA? 

Si? Va \ll 555 is: 5ii S lu clu Pro Cln Aari L<u Ile Ly * Cln Asn Clu L «« ciu cm l*u civ ciu 

CAA TTT AAA CCT CTT CTC CAA CAC CCT CAC AAT TTA ATC AAA CAA AAT TCT CAC CTT TTT CaS CaS CT? CCA CAC 



8-3 



IT5 »JI Va Si? A I2 iiJ i2? ii u v * 1 Ar * Tyr Thr Lys Lya Vdl Pro Cln Val s * r Thr Pro Tnr Leu Val clu 

TAC AAA TTC CAC AAT CCC CTA TTA CTT CCT TAC ACC AAC AAA CTA CCC CAA CTC TCA ACT CCA ACT CTT CTA CAC 

rii 551 A J? I!? iS? Sir i y J 5Si Cly Ser Lya Cys Cys Lys Hi3 Pro clu Ala Ly » A ^ ««t pro c y . ai- c\l 

CTC TCA ACA AAC CTA CCA AAA CTC CCC ACC AAA TCT TCT AAA CAT CCT CAA CCA AAA ACA ATC CCC TCT CCA CAA 

Asp Tyr Leu S«r Val Val Leu Asn Cln Leu Cys Val Leu His Clu Lys Thr Pro Val Ser Asp Arq Val Thr Lys 

CAC TAT CTA TCC CTC CTC CTC AAC CAC TTA TCT CTC TTC CAT CAC AAA ACC CCA CTA ACT CAC ACA CTC ACA AAA 

SS SS? I£f Si? ii?5 iS2 XSi A *H Ar9 Arq Pro Cys Phe Ser AlA Lcu clu v * 1 As p Clu Th <- ^ yr v«i p ro III 

TCC TCC ACA CAC TCC TTC CTC AAC ACC CCA CCA TCC TTT TCA CCT CTC CAA CTC CAT CAA ACA TAC CTT CCC AAA 

Sir Va iiC Si? Irl Va 155 Va M1 * AU A5P Ue Cy3 Thr LeU S * r CIu Lys Clu Ar 9 Cln lie Ly. Ly. 

CAC TTT AAT CCT CAA ACA TTC ACC TTC CAT CCA CAT ATA TCC ACA CTT TCT CAC AAC CAC ACA CAA ATC AAC AAA 

til ACT CCA m CTT rlr III ^ 9 Ly9 Ly9 Ai * Th < L ** Clu C1 ° L ' u Ly » Ala Val M^t Asp III 

CAA ACT CCA CTT CTT CAC CTT CTC AAA CAC AAC CCC AAC CCA ACA AAA CAC CAA CTC AAA CCT CTT ATC CAT CAT 

^ nrl err m cri rlr Hi III Cy ' Lya M * ASP A3p Ly9 Clu Thr Cys Phe AU Clu Clu <*Y *>V ty> Leu 

TTC CCA CCT TTT CTA CAC AAC TCC TCC AAC CCT CAC CAT AAC CAC ACC TCC TTT CCC CAC CAC CCT AAA AAA CTT 

Val Ala Ala Ser Cln Al* Ala Leu Cly Leu End 

CTT CCT CCA ACT CAA CCT CCC TTA CCC TTA TAA 




Key to Fig. 9 
1. Fragment 
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Fig. 10 




Key to Fig. 10 

1 . Fragment 

2. Vector 
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Fig. 11 




